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The @ n¥epredec s a computer proara thot executes
code dw“::ﬂ-\fn k\r +he P\\r“\cn f)::sr(‘ammhg% |o:3v¢3€

Aa ieterachve ideryre-\er S a program thot allows +he
usec Yo execute one line of cod€ at a Hme

The lnteroctive interpreter A.‘ar\aus a f{‘omP"' (*>ss) et
ndicotes the ?nkrpre"e( s reo‘\s to accept code

A ?rosramme( can wnt€
Python code in o Lle, and
Men ?rev-'ée Mot Gle to the
kw\erfrﬁ-er. The ?nkrprc-te(
\>€3?ns \:5 execu{—-‘nﬂ e €t
line of code at {he "-or of

\ N
“\ e ‘61 e’ MA m“‘ n\‘es u“"' \ Users can change values and execute caloulations again
~

the end s (‘eao\\eé po—
1. After each press of the enter key, the python interpreter executes the line of code.
2. The python interpreter can be usad as a calculator and can perform a vanety of calcuiations.
3. Users can change values and execute calculations again,

-Th () funchos
e peve Cton -

‘l‘?’f\‘lj’ Vanables of¢ expresslon volues

*The # choracter Jdenote comments

.1 e 35| Text enclosed in q|uo‘\'¢’5 'S Known
2 hours = 48 . o

3 weeks = 52 6s a Sk'ns "

4 salary = wage * hours * weeks

5 . \ N

6 print('Salary is:', salary) A .5‘\‘“‘\ \I‘\'Cfa\ can be
7 ) Sucrounded b ma*\'c\ﬁns
8 hours = 35 N

9 salary = wage * hours * weeks Slﬂs\e of A“ \e ‘uo&s
10 print('New salary is:', salary)

11

Each Pr.‘n\'() stocds o new Lne



enJ?:% ins;ée o_F [.Bq.uo there. My name is,.. cat,n]

print() +o keep the
output of a Subsequent prnt Statement on the same
Iine Sepacated by a Sngle  Space

: | The value of a vonable con
;’33”“20] be .f"“w& out Ve peiat
cxint(*Goodbys. ' (veriable_ name) wath no
t‘uo-}a{-?on marks

Outputting multiple items with one statement
Programmers commonly try to use a single print statement for each line of output by combining the printing of text, variable values, and
new lines. A programmer can simply separate the items with commas, and each item in the output will be separated by a space. Combining

string literals, variables, and new lines can improve program readability, because the program's code corresponds mare closely to the
program's printed output.

Figure 2.3.4: Printing multiple items using a single print statement.

Wane: 20
Goodbys .

Need help? Feedback?

A common error is to forget the comena between items, asin print ('Name' user name).

Ou,\"ws\' a;:\ ben‘\‘move.\\ Yo the
next line wtiag “\n", Known
oS a nev\?ngn r.ko‘?u‘rer

() a‘wass adds a newline choracter after e ow\»rw\'
automatically to move the next output te the next ‘ow,
unless end='" is frwh\el

A"3 spoce, tab, or newline s colled ul\\?\-cfuc



The statement best_
€riend = ?nfm\-(\ will
read text enteced \:_s,
the wser and +he
best_ friend vaniable s

best_friend's value can then be used in subsequent processing and eutputs. -
. assigned with the
Captions - A

1. The input{) statement gets an input value from the keyboard and puts that valug into the best_friend variable. eﬂ*C(CA ‘\'ex‘\'
2. best friend's value can then be used in subsequent processing and outputs.

The infud’ obtained by inpu*( ) is any Yext Phat a user
+3|>eé, :nc\w):nd numbecs, letters, or spécial cheractecs. Such
fext in a come-er program 15 called o string

The 23 S*ﬁt\a is a Sequence of
Choracters wheceas 123 (epresents
e ?n-kae( Volue@ - €ach ace an
example of a “3‘*, nteqecs con
be dwided by 3, but not sicings

Reaé?na {feom :nP\d' alwaﬂs cesults
n a .s-\dn\l pe. T€ a strng contains numbers, like 123
then the Tinkl) function can~be uwsed o converd that
5\'{\‘03 to +he ‘m’reae( 123

A combined inpu-\'() and
wH() can cead o .s-kéns
{com the user and then
conveck Hhot stting to an
integec for use 'n a
CO\CM\G‘HQI\ Input prompt

Enter wags: 3
New wage: 18

Adding a string inside the parentheses of input() displays a prompt to the user before waiting for input and is a useful shorteut to adding an
additional print statement line.

Figure 2.3.9: Basic input example.

Enter heurly wags: 12
aslary {s 24360
Zates hourly wagei 20
Selacy is 41000




53“*“" etcoc Viclotes a
R || Plogfamming lonquages cules
spstssoss tnalis syenn on how sSymbols can be
combined +o craate o program

[print{new eal} print(user num)

Ru‘\“me «r°( w\‘ere;n a The program crashes because the user enters ‘Henry instead of an integer value,
progrom’s syntax is correct | SRR
but" the program a‘\'\'&nri:s
on impossible opeatien, Such

as JM‘&A& \3 2€eco

Salary is 40030
Brtsy integer: Renxy
Traceoeck [most secent call lastl;
File *<zedin>®, line 'S, in <module> .
VelveError: invalid-literal £or int() with base 10: ‘Renxy®

Ccash an a\a(up*} and unintenled dermination of o rrojmm

o s s e o s e e naseirosors. (Logie [@600E) Subtle encugh

not Yo cause an runbime
LT erroc and o cash - often
called o bug

Code Aevdofmen-\' 1S_usually = il

N N SyntaxError The program contains invalid code that cannot be understood.
Ao‘\e w‘*‘\ m ' “k raﬂé IndentationErrar | The lines of the program are nat properly indented.
w ‘ofﬂ\e '\\’ QﬂV}fQMQﬂ“‘ (‘DE\ ValueError An invalid value is Used - can ocour i giving letters tont().

NameError The program 1ries to use a variable that does not exist.

TypeError An operalion Uses incorrect types — can ocour if adding an integer to:a string.

Instouctions repcesented as Os and 4s ace Known as
machin® nstruehons and o seguence of mochine instructions
hseH\er form  an €xecutable pregram

Proarammers created progcams called ossemblers to auto-
mca»;coll Yconslote human ceadable instcuctions Known as
usem\;\a |ansu¢3e insteuchons, into machine instruchions



h?s\\-\eve\ “"Q“‘fﬁe’ crea+€¢l to 5“ff’°‘+ frodmmmins “‘5“13

formulas of a gorithms

comPilers programs ‘het aw\'oma*?ca"‘\‘ taanslate k\‘s\\-\eve\
lanaumje frearams o executable ?roj(am,s

Ycoansistors ore inteqrated onle o s\‘l\a\e 6\\39 colled an
in*eara-\-&l aent (

Mosore’s Low the doubling of 1€ capacity roughly every 18
month s

Prearammers beaon coenting seriphnq lanquages +o execute
?rograms wm\‘g& he G\é&l ‘Fef:“ ‘c’o«\?;ah?“. A sesipt o
exécuted kd onothec pregram called an 3!\*6(‘9(‘6-\-«

—Ps\-\gf\ 'S a saﬁf*\?‘g \an&wge

—Vaciables and Assisnmen*s —

In a roarom, a Votido\e ¢ o nameA '--\em, Such as X of
r\umPeof\e, wsed 1o held a value

An assignment Stotement assigns a Vedable with a value,
Such as X=$

X Keeps el velue during Su\pse.‘uen¥ Statements, until X
is assgned  agoin



i ; It\ fogramming,
. = 'csr ngr: e‘:as

y=x

zZ=x+2

x=3

The = isiit "equals’, but is an action that PUTS 2 value inta the Variable. Assigrenent Va‘;a -

statements only make sense when execuied in sequence.

Captions A

1. In programming, a variable is a place to hold a value. Here, variables x, y, and z are depicied graphically as boxes;
2, An assignment statement assigns the left-side vanable with the right-side expression’s value x = Sassigns x with 5, x
3 y=xasaignsy with ¥'e value, which presently is § 2 = x + 2 assigns 2 with ¥8 present value plus 2. 80 5+20r 7
4. A subsequent x = 3 statement assigns x with 3. ks former vaiue of § s ovérwritten and thus lost. Note that the values held iny x
and z sre unaffected, remaining as S and 7.
5. In algebra, an equation means ‘the (term on the left always equals the e on the right™ So for X +y=5and X * y = 6, one can
determine x = 2 and y =3 or vice versa. x
6. Assignmerit statements look similar 10 algebra equations but have VERY different meaning. The feft side MUST be one variable.
7 The =isn "equsls’, but is an action that PUTS a value into the variable. Assignment staterments only make sense when executed

In sequence.

%+l=3
X&s :3 +X

2

\
Y
3

A vociable Moy appeal on both the le€t and right side of a
stotement, as i x=X+|. Increasing a varobles value by 1
1S c¢commen and Known as ;c\cremen'\'}lls the vanable

A foame M'&"’d \>3 [ 8 Pf‘o fammec {or an (-‘em ke a
Voriab\e o funckion is colled an (dendifier

‘be a Sequence of leters, unlerscores, and ‘\'35"’-’
o Stact with o ledder o an undecscore
Tleadifiers ace cace sensihive. A ceserved

word is a word that is pact of e
"’“J“ e, lke integer, Get, or Put that | pr o e e

0 N *- True class Einally is eturn
£y ambda
can e used as on dentifier ST e e
-assert dsl global not with
async =lif if ar yield

An Soyeet represents a volue and is automabically created
by the in*ergre-\r« when executing a line of



Deledin unu.‘seJ obdec\-s 'S
an aw omatic foclss calleA

L} K memory of the
comPu*e( less GHliaed

3::(\)0 e colleckion 1ot \\e\rs
g

Objects are retneved from memary when readed

Captions A

1. The interpreter creates a new object with the value 4. The-object Is stored somewnere in memory,
2. Onee 4 is printed, the object is no longer needed and is thrown away.

3. New object created: %' references ogject stored in address 98,

4.0bjecis are retrleved from memory when needed.

\

flo.py Names Objects
mr._snu:y\
i R \ €6000
OF assoc¢: n{ names M‘“\ (veons)

Name \::N\a}rp s the pracess
()
intecpreter  chjecks m

total_salaries object is created by the interpreter and i= assigned bob_salary +

Each PS“\O“ obiect \\as oo poley

Captions A

‘\’\\fee Aec; ‘\ :‘3 rw“';es : 1-bob_salary object is created by the intérpreter.

2 1orm_salary object is ereated by the interpreter
3. bohisalary is assigned tom_satary, and the 25000 object is garbage ooilected,
4, torm_salary is assigned tom_salary * 1.2

'} Va\ue .. su ‘\\ a. j "o’ , 5. 101al_sataries object is created by the interpreter and is assigned bob_salary + tom_salary

"abcdef, o 6S.
- Type: Such as integer, Float, of Siring
‘Tdentidy: o unique dentifier thet descrbes the dbject

An cbjects +8f° never
changes once cremted.
The q:u'-l-}-in function
*3?90 cedurns the ‘\'3P€ of an o\)Je(A'

T\\e “’JFQ of an °‘°.)e"\' also JQ"'C(‘ mines ‘“‘\Q mw\'o\ﬁ\:tss o‘F
an obyect. Mutabilily indicates whether the object’s value
is_allowed Yo be changed. In*esccs and s-l-ﬁn55 ac@

immutable
= :nie built-in ‘F\H\C‘Hof\
() gives the value
: of an o\.:_)edfs Aﬁ\‘hﬂ




The besow program reads in a fiaating-point value from & user and cakeulates the time to drive and fly the distance. Nete the use of the
buitt-in function flaat() when reading the input to convert the input string inte a float.

A F\oohu\s-fokn“ B e o
is a ceal number, like Bt e
48.€, 0.000l, or -HHY .45.
The {erm ”'qoo‘hnd'f’oif\'p
cefers to the decimal point being able 1o appeec al\swhere
(“Floot?) ia e number. A Van‘a\a\g5 declacel as 4-3i>e float
stoces a Floa-\w‘cm—foh’r number

A floatin -feiiﬂ' [Heral s a number with o fractenal P"’r""
even if That Lrackion is O, as in 1O, 0.0, or 49.5T3

A 'ﬂoa‘\:c\s—fo}n'\' leral wsing saenti€ic notabion = wriltlen
using an € preceding the power-of-1o0 expeneat, as in
6.02e23 +o refresen‘\r 6.02 x 10°2

Float -type obiects | mmummms s [ o o oD
N el il D+ =512 2.0 o = of 1024 =

have a Imited ronge | Eeaieols et tl s S | i S s e

cmm LG“ ‘oace +° = rror: {34, 'Result tco large')

2.3 x |0°208 Ass?sn:tls a Floa-\-?ns- int value outside of
this cange generatés an Overflow Error

T\\Q Sw\\’w‘ €or out u-H'il\q the €loat m3F|ou‘\' with {we
&‘3%-\-5 after the decima foin* 15

Pr%n-\- (¢ {MSFloa‘*Z. aff')

An €Xpiession’ is a combination of items, Lke variables, literals,
operators, and parenthesis, thot evaluates fo o value, like
2* (x+)



A \;‘\-“a\ ;5 a s?ec ;;i-‘ + The addition operator is +.35 N X+

Va‘u'e ;‘\ C°Ae ‘:ke 1 - The subtraction operator i - 8¢ in ¥ - y. Alsa, the - aperater is for negation, as in %+, 0 X + -
) The multiplication cpecatoris * as nx *y.
! The division operator 15/, as in x / y.

An operator 15 o
Sam\m\ thet pc(-(:orms a bult-in calevlation

0 T | 102+ {0+ 1), he X+ 1 1 evaluated frst with the resul Q*Pff.55nt\ CV“E““QS
: | then multiplied by 2 + .
o a Valul, whid
warys i e riegation: ey g e | In2:% ¢ the i Compted first with the resut then ‘ - ! h
sty replaces the
- Mext to be evaluated are * and £, having rqual .
‘ Iny=8+2%x the 2 * xis evaluated first, with the result
- then added 1o 3, because * has higher precedence than
- Finally come + and - with equal precedence, S 5 N A \ -~
| +. Spacing doasnT matter: y = 3+2 * x would still evaluate ex {p'ss
2% xfimt oNn 1S
2 If more than ane operator of equal precedence could be ;w::.*z/a,,mex'zasﬂmmmmm\nmua A H
left-to-right svaliated, evaliation oceurs left 1o ight. | then divided by 3. : ev"‘ uak n

o "n 13)
e et

- Python expressions rules

Minus (-) used os a nesa-\?ve 1S Known as unary minus

5 PGCIG\ W‘hs Co “d Addition nssignmﬂ;;. fage =1 - a‘qem- .a-qe + 1.”
com (V1) Subtraction assignment lage -= 1 ags = age - L
|>rovu\e o sko(-\-\\ané Matpicsten ssirrert e e
Pé.+e o Division assignment | age /=1 age = age / 1
Modul { further ig ..J‘ age §= 1 age = ago ¥ L

Vo.na\o\e Such as +=1
\:emj shorthand for age =age + 1

Division: Integer rounding
The divislon opesator / performs division and returns & floating-point number. Ex:

* 20/101s20.
= 50/50i81.0,
* 5/10is0.5,

The floor division operator // can be used te round down the result of a floating-point division 1o the closest smaller whoie number value.
The resulting value i an integer type if both operands are integers; If either cperand is a float, then a fleat is retumed

© 20/10is2
« 3045001
® 5§/ 101 0:(5/10 Is 0 and the remainder 5 is thrawn away).
® 50421620

For dwision, the second operand ot / or // must never be 0, because division by 0 is mathematically undefined.



The modulo orera‘\‘c( (L) evalustes to the remainder of +he
division of 4wo integer operands

AY % 10 is U. Reason: 24/10 is 2 with remainder U

| % 2 is |. Reason: /2 is O with remander |

Given a number, % and // can be used to get each digit. For a 3-digit number user_val like 927;

Given a 10-digit phone number stored as an integer, % and / can be used to get any part, such as the prefix. For phone_num =
9365551212 {whose prefix is 555):

tmp_val - phone_num // 10000 # // 10000 shifta right by 4, =0 936355.
prefix num = tmp_val % 1000 # % 1000 gets the right 3 digits, so 55S.

Dividing by a power of 10 shifts a value right. Ex. 321 # 10 is 32, Ex: 321 // 100is 3.
% by a power of 10 gets the rightmost digits. Ex: 321 % 10is 1. Ex: 321 % 100is 21.

A module is a Cle Con-b‘m‘.nﬁ PS'\'\\«\ code that con be
used \’J other modules or Jcc:PB

A module is mode availoble N
for vse Via he im 23 Loy
Statement. Once o module
s ?mfoﬂ'eA, any <bject remessr '
A e‘: n e ; (\ “\ a.‘- ﬂ\o Aw‘ e Running the Sctipt impons the moml::: i:::'cesse: the module contents using dot
Caﬂ be OCCQ 55 QA urs iﬂ 5 Captions: ~ '

1. Code can be separated into multiple fites, The names py module has some predefined varisbles.

<
AQ* ﬂQ"'O'\'I °n 2 The prini_name.py seript imports vatiables from names py using dot natation

3, Running the sexipt Impurts the madule and accedses the medule contents using dat notatian.




When o module is imported, all code in the module is
immediately executed. A built-in special name _name D is
used 4o determine £ the £ile wos execnted os a

Sceipt by Yhe programmer; or i€ the fle wes impocted
by zno-\\\%( me&r\es P

I€ e wlue of _name__ s +he siting '—main_,
then the f{ile wos exected as o seript

P “\ot\ comes with a S'\w\éaﬂl Mo‘“\ moéu.‘@ ‘\‘o .Suf t-\'
N peo
mo(e quanGQA math ofeca-\a‘orm borE maeh

Table 3.2.1: Functions in the standard math module

:;)‘T ' Round up value fabs() | Absoictevaloe sqr'\’ () 13 kﬂOWf\ 6s a
tactorialx) factorial(3=34221) fioor(x) ‘ Round down value {\M\C"’; of
1mod(y. y) Remainder of division fsumfx) Flogling paint sum of & range, list, or array.
Power, exponential, and logarithmic functions
exp(x) Exponential function e* logix, (bass)) | Natural logarith base is optional A {lﬂd:Oﬂ S a ‘;5"' oc
powx ) Raise x10 powery sanf) | Squareroot Sb“‘eﬂ\el\“’s exe‘u.‘_cé bs
i e o0 e refercing +o the funchion’s
aan(x) Arc1angent atanz(y, x} | Arc 1angent with twa parameters n me
cos(x) Gosine sinfx} | Sine
Iypot(x, x2, %3, . xn) | Length of vector from ongin degrees(x) .cmveﬂflunradlanstodegrees R
raconsis) S e e wnp) | Tongent The process of mwkins
W Hyperbolic cosine sinh(x) Hyperbolic sine a 'FWC\G"'I\O“ -‘ s ( e&(m J +°
Complex number functions , .
gamimaly) | Ganmma function | ety Estor function cS a -Gu\chon 60“ T\'\e
xsamsobetisoens , B 1rem EQJSQJ 4o a funchon
pl | Mathematical canston 3141532.., | | e (constant) | Mathemtical canstart 2718281, .

's_referred to as an

aGumcM-



Pb“\a(\ uses Unicode |- rerresen’r sacter naracts
every fossi\:\e chocecter os a unic‘ue : ’”:"* | : ‘f -
number, Known as o Cad€ fda*} == =
T SR — 35 = 67 ¢ 99 ¢
" Backslash {\) _ :: i :: : ::: Z
y Single quotz () [pERT(!ame 1 Jonn O\'Bona1a")) 28 & 70 F 102 f
v Double quate () | BERE S Sald; N aTLa Etendi i) H AL i
I I 40 ( 72 H 104 h
\n Newline ‘Erint(thy name..\la Sehn.. ) i 4 ) 73 ' 105 i
oo | N "1 TEE . e - R
At Tab {indent) = 3 = . e :
N ; . 08
A newline chocacter s encoded os :: : : ; :o, ,'n
10 0nd uses the 4wo-item 591!&8(\68 % N o
\n 47 / 7 0 m o
48 (] B0 £ 12 P
N 49 1 Bl Q 13 q
The \ s lknown as a beckglash W ¢ |l ¢ || SR
51 3 B3 3 5 =
_ _ 52 4 82 T 116 1
n\e “‘Wo—l"-em 53‘\;9(\69 'S ‘C“QJ an 53 5 85 u "7 u
es‘a 54 ] Bb v 18 Vv
Pe seque“‘e 55 7 & w 119 w
56 8 B8 X 120 x
) 57 9 B3 Y 121 ¥
B e < N - B -
Tnis is a \n \'raw\' string ég i ; s :
&0 92 \ 124 |
81 = 93 ) 125 }
Escope sec’uences con be iancced (]
using a Caw staag: created by

GAAMS an ¢ befoce a 5-\1‘?(\4 ktecal

The bulk-in funchon &) cetumns an encoded integer
Value for a Sting of \ng-“\ one. The bult-in fnchon
ohe) ehucne a s¥ng of one chacacter £or an encoded
‘m\-ese(



Tgfes

A Giting s a sequence of choracters. A s-kins literal = o
s-H‘ic\& Value sfec.ﬁeé n the Source code f a program

The 5*"\“3 -|:“:e s a sPec?a\ construet known as a
sequence type

T\\e le‘\ (\ The \ character after the string literal extends the string to the following line.
buily i funchion | ,
Con be wsed to|| e ek o
find the length |EEEEEEEE
of o siing |y
(and any o¥her

[ equence 45?93

135 characters i3 much Too 1ong Of A ramal
26 characters is better...
3 characters is short enough.

A Sequence stocds ot O
feom the |efimost

223 character. A choracter at
o srecﬂf:c index con o0
Negative indices con be used +o  owessed by appending
access chacactecs S"at'\'ins £com brockets []S

the r?a\\\-mas-\- chocacter of dhe

Sking, instead of +he lefimost

a\f\\ obed[1] is 2

Individual characters of a siring cannot be drectly changed.

[Trecunact imest recest =wil laaz):
£ile *voln.py", lize 9, iz <zoduler
nye_caerscter alstaber ) = ‘A" # Tovalid: Cennst change charectes
TV sharscta. |TIvesizor: fets’ cojecc HoR: BOC SPPOST ITes Asyigreest

instead, update the varable by assigning an entirely new string.

- .




A plogram con add

w153) | new dholackecs to +he

end of o s-\ﬂns n a
Known @s $\-n‘n5

The + O?Q(a'\o( concatenates +wo concatenation

Stings  together

A contanee i o construch usel to roup celated volues
Yogether and conteins relerences to o-\-ske( o\:}@d’s nstead of
dafa. ACliSH is a contelner created Succonding a sequence
of Vocables or literals with brackets[]

ma-\:sl' =D, 'a\oc‘] cecates a new list voriable md-l.‘s+
ot contoins the 4wo iYems: 10 and ‘abe. A list dem is
colled an  element

A s} s also a sequence, meaning the containel elements
ar® ocderel b osition in #he lis}, Known as the
lement’s Gindex;] stacking with 0

ma-\?s-‘ =L] cremles an e"‘ft‘j kst

Figure 4.2.1: Access list elements using an indexing expression.
It\&\llAw\ \TS“'

elements can
be accessed by
06?03 brackkets
as N My _
NistLi], where
i 1S an integec An element: can be
e edl wpdoted with o new
, S (= = w0 | value by pecforming
TR — | an assignment Yo a
o fas;Jr?on in the lst




Adding elements to a list:
» list.append(value). Adds value to the end of list. Ex:my_list.append('abc')
Removing elements from a list:

» list.pop(i): Removes the element at index i from list. Ex: my list.pop (1)
« listremove(v): Removes the first element whose value is v. Ex:my list.remove ('abc')

A medhed instructs an object to perform some action, and i

is executed by specifuing the method name €ollowing a .
Symbo\ and 3?\ E\:&ec’? 3 -

The :fpcné(\ list method is used +o add new elements +o
a s

Elements can be cemoved uSing +he Pop() o cemovel)
method s

S uence-'\ape funchions  Operation
are bult-in funclions lenflisty | Findthe length of the list

4’\\&“’ o efﬂ“’e on list1 +ist2 | Produce anew list by concatenating list2 1o the end of ist1.
sequences “ K e | ;5'|'$ min(list) Find the element in list with the smallest value. All elements must be of the same type.
a max(list) Find the element in list with the largest value. All elements must be of the same type.
and sk mas.
sum(iist) Find the sum of all elements of a list (numbers only).

listindex(val) | Find the index of the first element in list whose value matches val.
methods

Sequence -+
ac‘j me‘r\\oé? Pebu?\{' ints
the closs definhons of sequences like lists and .sl—r?ns S

listcount(val) = Count the number of occurrences of the value val in list.

't house: 225000

There are 4 prices in the list.
Cheapss!
Most expensive housae: 900000 |

A @ behaves simlar
+o+:?‘\is\' but s

immutable - once created
W ocannct e d\ansd

Coordinates: 138.3577, 77.0364)
2uple Tawgthz 1

Tatitude: 3¢.8077 macth
loxgicude: 77.036% west




A new tuple is 3enera+d by orcahnj a list of comma-
sePum*eJ values “such as 6, 1§, 20

A famed ’mf\e allows
‘“\Q frejrmmer “'o
define @ new sample

dota thoet consists of e e e B o
nomed sthributes .

The namedtuple container must be imror’reJ o create a
new nNamed ’mrle

A set IS an uno(AeneA Collection
of un.‘o‘ue elements

A set can be crentel using
the Gekl) €unchion, which
accep’rs a se«‘uence-’cm;e Heraole
obiect (lisd, hPIe, sh:nﬂ, etc) whose elements are insected
‘.n"-o Hhe set

11, 2, 3%
i7; 8, o)

A se¥ Wea\ can be writlen using cucl beackers {}
with  commas Sepacating set elements. Aii*e thet an
emP+3 se+ con only be cteateld using set()

6rea+:n3 a sex() removes any Auflica-\-e Values

Because the elements of a set are unordered and have no meaningful position in the callection, the index operator is not valid. Attempting
to access the element of a set by position, for example nums1 [2] to access the element at index 2, is invalid and will produce a runtime
error.

A setis often used to reduce a list of items that potentially contains duplicates into a collection of unigue values. Simply passing a list into
set () will cause any duplicates to be omitted in the created set.



-S e+s Gfe m\d’ﬂ“\e o e'em Ql\“’s fen(set) - Find the length (number o; e;ememsi of the set.

can he @A &eA ol (CmoVve & setl.update(set2) | Adds the elements inset2 to set1.

u Sl\ﬂ 3 59,\, m e.“‘ eAS setodd(value) | Adds value into the set

setremove(value) | Removes value from the set Raises KeyError if value is not found.
set.pop() Removes a random element from the set.

T‘\ e ou (‘ me‘*\‘oa ' ms ? set.clear() Clears all elements from the set.

new element into the set f

the set does not contwin an element with the provided

volu@

The  cemove () ond f'°|’0 methods remove an element com
the set
Adding elements to a set:
« setadd(value): Add value into the set. Ex: my_set.add('abc')
Remove elements from a set:

« set.remove(value): Remove the element with given value from the set. Raises KeyError if value is not found. Ex:
my set.remove('abc')

= set.pop(): Remove a random element from the set. Ex:my_set.pop ()

names2

The clear(y method removes all elemants from a set, leaving the sat with a length of O

Captions A

1. Sets can be created using braces {) with commas separating the elements.

2 The add{) method adds a single element 1o a set.

3 The update() matnod adds the elemenis of one set to another set.

4 The remaove() method removes a single element froma set

5. The ciear() method removes all elements from a set, leaving the set with a length of 0.

P&'“\O\‘\ $€~|r o setintersection(set 3, 52U b, set.c.) m:;egza containing only the elements in common between set and
's“ff°r+ +3 , “‘) se.‘, set union(set_a setb, set.c.) Returms & new set cantaining all of the Unique elements in alf sets.

“_‘\ eol o e( o *. ons set difference(set.a, se1b, 8616 ) xm : ::t ::lztmn anly the elernents of set that are ot found in any of
‘l \(Q l‘\'\'ef “‘*.0'\5 set_a symmetric_difference(set_bj f::l::sammmwmts that appear in exactly one of ast_a or

and uaens



The difference() method builds a set that contains elements only found in result_set that are not in
names4.

Captions A

1. The union() method builds a set containing the unique elements from names?1 and names2. ‘Corrin' only appears once in the

resulting set.
2. The intersection() method builds a set that cantains all common elements between result_set and names3.
3. The difference() method builds a set that contains elements only found in result_set that are not in names4.

A Aic-\'ionag 1S a F:s'\-‘\oq container usel Lo describe
associahve rela\-}ons\\?rs. A J.‘c-h‘onag s cepresented Yy the
dict obyect pe. A Jfohonag associates (or "ma?s“3 keys
with  values. Key s o +elm thot can bve locatel ia a
dicklonacy, Such as the weord “cot” in the English dickionary.
A alue™ descnbes Some deta associated wa—\\ a key,
Such as a defindon. A key con be any immutable type,
Such as a number, Siring, or {wr\e; a v;?uc can b€ any

type

A dict obiect is created
using  curly braekets {
"'o .Su(‘(oula ‘“\Q kea:
Velue pairs Lot

compfomise the Jichonag
contents

players = {'Lionel Messi': 10, 'Cristiano Rono\d: 11
ceeates a dictionary colled Plﬁers with dwo keys:
‘Lionel ANessi' and %c.‘s*im\o Ronalde', associated with
the values 10 and 1

[11ntonet nesatr: 10, “criasians Ronalaar: 7))




back (most call last):
‘Tile "<stdin>", line 3, in <module>
KeyError: 'lemens'

[The price of apples is 1.99 l

T\\eua\\ dictionacies maintesn
entriés connot Lbe oaccessed
the \(Q‘\’
mah\mss
runtim@  error occurs ond

s speafied ‘n brackeds []. T
key exists in +he dictionacy, then a

a Ieﬁ-—h-r:s\\* orJe(ins, Jtchonars
"3 ndexing. To access an entay,
no entey with a
GJErfof
the program i1s ‘terminated

X3
to

ente

A new dichienory
broackets

added \53 us?nj
sPecI{\s +he keu:
prices ['banana;i

= \44

The deb kegword is used
Io-‘ femove entres from a
ietienacy:

ael Pr.‘cg ['papa o)
rémoves the enirs whose
key is ‘Paraﬂa‘

Adding new entries to a dictionary:

o dictlk] = v; Adds the new key-value pair k-v, if dict|k] does not aiready exist.
Example; students['John'] = 'A+’

Modifying existing entries in a dictionary:

« dict[k] = v: Updates the existing entry dict[k], if dict[k] already exists.
Example: students ['Jessica']l = 'A+'

Removing entries from a dictionary:

o del dict[k]: Deletes the entry dictlk].
Example: del students|'Rachel']

~ Commen Dota Types Summacy

&
S

Numeric +3 es int and float

Numeric type: Used for variable-width integers.

resent the most common
ypes usel Yo stoce data

Numeric type: Used for floating-point numbers.

f:suence +3Pe.s .s-k.‘ng, Iist,

echons of

whece e Gt dbiect has
e\éments have ?mﬁces |2,

OBJGL s oldered

le ore all containers €or

aSition in the sequénce,
an ndex of O and Su\ose‘uen-\'
ele.

and



T\'\e °“\~5 mea r; ‘k\,re string | Sequence type: Used for text,

:ﬂ PS'\'\\°‘\ ;5 * nqrc'\' 7|ist ) Seqguence type: A mutable container with ordered elements.
"ﬂ?e' E“‘\ elemen* °‘F a tuple | Sequence type: An immutable container with ordered elements.
dict s independent, :
having no special oddering
or reletion to other
elements

set Set type: A mutable container with unordered and unique elements.

dict | Mapping type: A container with key-values associated elements.

Choosing a container type

New programmers often struggie with choosing the types that best fit their needs, such as choosing whether to store particular data using
a list, tuple, or dict. In general, a programmer might use a list when data has an order, such as lines of text on a page. A programmer might
use a tuple instead of a list if the contained data should not change. If order is not important, a programmer might use a dictionary 1o
capture relationships between elements, such as student names and grades

A ConVersion 5 an converSion of one Jdala -}:we +o
another, Such as an ii\‘hae( to a float

Imla\.‘ci“' Convecsion:

‘For an acithmelic operator liX@ + or x, € €ither is a
float, the other is avtomatically converted +o float, ond
then a f\o&-‘ns‘roin} oferoh‘on is pecformed

‘For assignmeats, the right side +ype is converted o the
le€t side type

in-}eaero-lo-’c' loat conversion is sicaightforwacd: 25 becomes 250

€loat-to-integer conversion just drops the frackion: 1.4
becomes M

Function|  Notes Can convert:

int() Creates integers | int, float, strings w/ integers only

float() | Creates floats int, float, strings w/ integers or fractions

str() Creates strings | Any




Becouse eoch memery locobon is tomposeJ of bits (05 ond
1s) a plocessor stores a number using base 2, known as
binory umber

For @ aumber in {he
mofe {amiliac base lo,
=210 4110t 2000 eorn s decimal number
T ] C5 o ek, be 04
—212 ond each A.‘a&s P‘ate 'S
we:s\e.l BJ ?naeasfns
powers of o

Tn base 2, cach Lot

S =1.2 4+1.22 4o0.-2¢ 1.2
dgit must be o\ T U
ané e“‘\ 8: ;“’.5 fa\a(,e =8 44 i) A

—
w

'S weis\\el

‘mcreasins pow ers of
P

A fotmatied Stelag Weral ¢ F—s\—r'ms allows a pregrammer
to create a sidng with Place\\o\hr Expressions that  are
evaluatel as the program executes

A place\\o\ler
expression s also
callel o replacement
Geld, as s value
reflaces +he exr«’.ss;en

n {he Cnol au‘\‘rw" € burritos cost $32




Additional f-string features

An = sign can be provided after the expression in a replacement field to print both the expression and Its result which is a useful debugging
technique when dynamically generating lots of strings and output. Ex: £' {2%4=} * produces the string "2*4=8",

Additionally, double braces { { and ) } can be used to place an actual curly brace into an f-string. Ex: £' { {Jeff Bezos)): Amazon’
praduces the string *{Jeff Bezos}: Amazon'.

Table 4.10,1: f-string examples.

print(£'{22*2=}") v

o

IWO_power Two = 2++2
print (£* [two_powsr_two=}"') TWO_power Two=4

print (£'{2¢%2=], {2%¥4=}!) 2772=9,2774=16

print (£'({2442]1]")

print{£'{{{2**2=))}'}

A €ocmat speciication nsle o scement €eld allows o
velu@’s (ofm*'\'.\fa in +he s-\-r:ng +o be customiaed

A r(eseq\'a\-:en pe s o of a fotmalt eciication thet
detecmines how +o repesent o volue n texd form, such
os intéqer (), €loating polnt (4.0), €ixed precision decimal (4.000)
Percen’rade (H./o), \ﬁﬂa(‘t’ (100), etc

. 2 name = "Aiden’
s String (default presentation type - can be omitted) print (£’ {name:a) ')
3 number = 4
d Decimal (integer values enly) print (£' {pumber:d}*) E]
‘ number = 4
b Binary (integer values only) print (£ (number:b}')
- number = 31
%X Hexadecimal in lowercase (x) and uppercase (X) (integer values only) | print (£' {numbsr:x} ") @
= number - 44
e Exponent notation print (£ {nuaberes) )
number = 4
f Fixed-point notation (6 places of precision) print (£' {numberi£} ")
number = 4
Jprecision]f | Fixed-point notation (programmer-defined precision) print (£' {number:.2£1°)
number - 4
Ofprecision]d | Leading 0 notation print (£' {number:03d) ")




Branc\ﬁc\s

In a fogfam, a beanch = o sequence of statements only
exCeuted ¥ under a certain condibion

An 6P beanch s a branch taken on|3 * an Gx'rress?on
s toue

An (#-else branch has twe branches: The first branch is
executed  an expre.ssa‘on s true, else the other branch
is  exccuted

If-elseif-else branches

Commonty wizheas 0 take one of e 4 mane) brancies: An If-k IRETE

Each hranchis expression is checked 1 sequence, 8 00N &5 0n¢ branctis eapression is Tound 10 be True, that branch is taken It ne
exmfexson is fourd frue, ‘ i

Note The gisepart & cntiatial If amitiad, then If none of the previcus expressions aretrue, no branch execules.
Im | 11 et exsmpe Annerssien '

5123 8 e

Elze the last brarch evocutes.

Canfions A
1. This program detacts the specific value of 4 varabie It 1, the first 20 4nd Isoutput.
2.Eloo, 125, 1y h d “Silver i output. Elsa, If numiears © 50, tha third branoh executes and
“GoMen’ 18 outpal

3 Elue, 1he st beanch ssscutes.

~ Detecking equal volues with branches

An (P statement executes o group of stutements € an
expcession 15 true€



The equalily operator (==
evdu:\-‘es %:3 +Pr:re € the left
N e ‘ and r.:g\\’r sides ace e1ua\

The Ene‘w\:{a orem'lb( (1=) evaluates 4o true F 4he left
and cight sides’ ace ot equa‘, oc diFerent

x==3 s true

assbmeansaisequaltob = histals

al=bmeansaisnotequaltob

An expcession Wolving an € ml.'-\‘g ofem-}o( evaluales 4o o
Boolean value. A Boo‘gun is 'a dype thet has gust two
Value.S: true oc folse

Figure 5.2.1: Multi-branch if-else statement. Only 1 branch will execute.

Figure 5.2.2: Multi-branch if-else example: Anniversaries.

Enter pumber yeass marcied: 10 |
A whole decade -- impressive;

Enzer numbsr yesrs married: 25
Your silver armiversary -- anjey,

Enzer mumbsr years marriedr 30
nothing speclal,

Enter nimber years married: 1
Your first year — great|

Utidi) 32 Else Ifoge < 12. Play on 12 team
Tuovew  Notsams Else No teams

1

2

3

4

5 Of lndas No teams Hape <6: No teams

B

T | Under & Else Ifoge <3  Play on U8 tsam
B

8 | Undni 10 Else If oge < 10 Ploy on 10 team
10

n

”

RE

Using a sequence of decisions enables a cancise way of specifying a range, such as saying
W12 rather than saying ages 10 and 11

Captions A

1. Kids of various ages may wish 10 play soccer, 4 soccer ¢lub may not have teams for kids 5 and under,
2. One level of teama is listed as "Under 8 (arU8), which = understood to mean just for ages 7 and 6, but not 5 and younger

3. Likewiss, U10 means ages 9.and 8, and U12 means 11 and 10. No teams exist for 508512 and over - =
4, Using a sequence of decisions enables a concise way of specifying a range, such as saying U1 2 rather than saying ages 10.and — [Sodes ]
i




| a0 FEE i ST
A ¢ e‘ a“':oﬂﬁ‘ o ? eca ‘ Relational operatars Description | ;Ew::ftmm.w@.
checks how one tond's |* i Ll x<3is faise
Va\ue (4 4 \ G‘\'es +° aﬂO‘\'\\ef, > a>hmeansais greater-than b : : g :: ;:l):e
. \
like \:emg sc‘eakr than R
<= a<=bmeans ais less-than-or-equal to b x<=3istrue
x<=2isfalse
P&‘“\ot\ .Squor'\-.s oPera‘\or :
x>=2istrue
“\ >z a>=bmeans ais greater-than-or-equalto b | x>=3is true
x»=4 s false

a<b <C

- Detecking ranges using logical operators

A loawo\ operator treate oferaan as being true oc false, and

evaluakes to true or folse, Loa.co\ O?Q(a‘\’ofs -ncluée am! of,
not TV

(a) and (b) Logical and rue when both operands are true

(a) or (b) Logical or. true when at least one of the two operands is true
not(a) Logical not: true when the one operand is false, and vice-versa
a b | (e)ard (&) o b | isjor(m) a | notis)
SE|E EZ|E =
1] - \
s | I€ no ops exist in +the
Llotyar yug X
(x> T} snd [y < 10) oo (x<Djof (y>10} false not(x<0) tua se(.es a; ra es “‘e
e tue falze Tz faise

(e>0)andy<s) e X<Ojorly>5)  fue  nol(x>0) faise mt\se '5 IMP\U"
e tales felse  tue tus
Esch operand is an expreesion. Il x = 7,y =9, then {x » D) and (y.« 10} is troe and trug, so
thes atd eperaion evaluiles To e (ath ooerands e rs) I{ “ \ 3
— gobs at@ in the Senes
1 The and aperator evaluates 10 True only if BOTH operanis are true. Eachoperand {a. b above) is an expression that evaluates 1o G
trie of falge pd

fm\ses Hhe fange 1S 'S

2 The or operatar evaluates 1o true if ANY cperand is true (a, b, or both),

3.The not operator evaluates 1o the oppesite of the operand.
4. Each operand is an expression. if x = 7.y = 9, then (x> 0} and (y < 10] is true and true, o theand operator evaluates 10 true (both

operands are rus)

A Boolean relecs
to a value thet
1% e}“\er '|'r @ Figure 5.5.1: Creating a Boolean.

or False R h——




aand b ‘ Boolean AND: True when both operands are True.

aorb Boolean OR True when at least one operand is True.

not 4 Boolean NOT {upposite): True when the single operand is Falss (and False when operand is Trug).

Given age = 19, days = 7, user_char='q’'

(age > 1) and (ags < 25)

(age > 16) and (days > 10)

True, because both operands are True,

False, because both operands are not Trug (days > 10 is False).

{age > 16) or (days > 10)
not (days > 10)

not (age > 16)

True, because at least one operand is True (age > 16 is True).
True, because operand is False.

False, because operand is True.

not (user char = 'g'})

False, because operand is True.

user_age = 26 # Hardcoded@d for this tool. Could replace with "int(input{’Enter age: "))"

" Note that more than one "if" statement can execute
if user_age < 16!
print('Enjoy your early years.')

if user_age » 15:
print{'You are old enough to drive.’)

W N O N B e

16 if user_age > 17!
11 print{'vou are old enough to vote.')

13 if user_age > 24:
12 print{'Mest car rental companies will rent to you.')

16 if user_age > 34:
17 print('vou can run for president.')

Mu\\v}f\e o stalements
oce considered
‘méefenéen*'\s Leom each
other, so n\u\Hf\e
branches may execute

user_choice = 2 # Hardcoded values for this tool. Could be input()...

print('user_choice is 2 and num_items < @')

print('user_choice is 2 and num_items >= @')

; num_items = 5
A branch's statements can 2 i user_choice == 1:
include any valid shatements,  frindue et 2
\mdu&n‘q anotwer £-else : i nun_itens < o:
Statement known as 9 else:
nested f-else stotements . ...

12

print('user_choice is neither 1 or 2')



Comparison of values with the same type, suchas 5 < 2,0r 'abe' >= 'ABCDEF’', depends on the types being compared.

* Numbers are arithmetically compared,

 Strings are compared by converting each character to a number value (ASCII or Unicode), and then comparing each character in
order. Most string comparisons use equality operators "=="or "=", as in today == 'Friday'.

 Lists and tuples are compared via an ordered comparison of every element in the sequence. Every element between the sequences
must compare as equal for an equality operator to evaluate to True. Relational operators like < or > can also be used: The result is
determined by the first mismatching elements in the sequences. For example, if x=[1, 5,2 and y = 1, 4, 3], then evaluating x < v
first evaluates that 1 and 1 match. Since the first list elements match, neither list can be considered to be less than the other, nor can
the lists be declared equal without comparing mare elements. So the next elements must be compared, The next elements do not
match, e 5 < 4 Is evaluated, which produces a vaiue of False.

« Dictionaries are compared only with == and |=. To be equal, two dictionaries must have the same set of keys and the same
corresponding value for each key.

The n ond net in operaters, Known as membecship operators,
BZeIA True o Polse i€ Hhe left opechand matches the
value of some element ‘a the ria\& orer\\am\, which s
alwa:js a contemner

Enter name to check: Messi Enter name g check: Messi
Found Messi on the roster, Tound Messi on the roster.

> Ex'n':e_r name to check: Rooney

Entar name to check: Rocney
Could not find Rooney on the roster. Could not find Rooney on the roster.

Membership ofera‘mrs
can be used to check
whelher o siang s a
subshiing ¢ meichin
subse}t of choracters,
of a \age( stting

HTTE protocol 1.1
Unsecured connection




L\\ecktns Loc membership in
a dict

« Membecship in o dichonacy

‘.mp\:es 4hat a speafic k(y
exists n dhe A?&i&onars

To dedemine whether
fwo vaciables are the
samé obect, the
Weakity operator, i3,
can be used +o
check whether *wo operands are bound Yo a single
cbject. The inverse identity operator, (S Inok, gives the
nesa'\d value of 'is'

W s 9y s Teue, then X is not y s False

An expression is

eveluated in
odfammin ushg :

‘“\QSQ rfecem /%t ﬁm&ﬁiﬁ = - 45 Ay < S3evaluates*first then-, then<.

In¢a *+ (b + &)) - 4 the+isevaluated first then * then -

earfier section)
futes < e s se o | | Relatonal (mjequaiity and | % < 2 or x >= 10iaevaliatedan (x < 2) oF (x >= 10) hecause <
~ 7 | membership operators and >= have precedence over or,
A . . not nat (loglcal NOT) not x or yisevaluatedas (not %) or y
G“ Fr."*‘ce .s % == 5 or y — 10 and z != 10isevaluatedas
and Logical AND (x == 5) wr ((y == 10) and (z t= 10)) becauseand has

+° use a(eﬂ'“\eses precederice over or.
n exXpressions 4o . e %= 70r %< 2isevaliatedas (z == 1) or (x < 2) hecause<

N agiea and == have precedence over or
moke the intended

ocder of evaluation exfl.‘ci{'

A Code Mok is a series of statements thet ace grouped
*cse-\-\\e( defined bs s ndentation level



Enter car model: Ford o
Brter yesr of car manufacture: 1918
Hy own model-T =zill runs like 2 chamm...

'n\e \ .G Multiple lines enclosed within parentheses are implicitly joined into a single string (without newlines between each line); use implicit line
num « [~} Joining for very long strings or functions with numercus arguments. Ex. All extra lines are indented to the same column as the cpening
quotation mark on the first fine.

Lo\um “‘ o{ *ex+ When declaring list or dict Iiterals, entries can be placed on separate lines for clarity.
conserss b b e
et S m——

from 8o +o 12O

Containers like lists and dicts can be broken into multiple lines, with the elements on separate, indented lines.

A conditional expression has the fo“owin‘g form:

A CON‘;“'\N\G‘ exfrcs.s:on ‘\as heee orel‘ané.s am! thus s
Somehimes refered 4o as a +emar3 oreﬂrhot\

All three aperands are expressions. The condition in the middle is evaluated first. If the condition evaluates to True, then expr_when_true is
evaluated. If the condition evaluates to False, then expr_when_false is evaluated. For example, if X is 2, then the conditional expression
5 if x==2 else 9*zevaluatestos.

Good practice is to restrict usage of conditional expressions to an assignment statement, asin: y = 5 if (x == 2) else 9*x Some
Python programmers denounce conditional expressions as difficult to read and comprehend, since the middle operand is actually the first
evaluated, and left-to-right syntax is preferred. However, simple assignments such as the statement above are acceptable.



If the condition evaluates to False, then expr2 is evaluated and my_var is assigned with
expr2's value.

Captions A

1. This if-else form can be written as a conditional expression,

2. The condition in the middle is evaluated first.

3. If the condition evaluatesto True, then expr1 is evaluated and my_var is assigned with expr1’s value.
4. If the condition evaluates to False, then expr2 is evaluated and my_var is assigned with expr2's value.

oofS '

A \oor S & Pfosrom o s 07

val = Gt rext gt

construet the —— -
repeo’ree“ execuies +he .
loop’s s¥atements

(Known as +he loop
LOA ) V\'\l‘e “'\\e l°°f The et npit s, This v 1 >-1 i flse sa the oo s not entered. Instead, xecution
ex rCJSmt\ 'S -hue Catioiis” & i A S ain Enncan

\ e - ‘ ' e c xe + 1. Aloop Is like & branch, but jJumping back to the expreasion when done. Thus, The 00p's STaTAments may exectite multiple tmes,
X1 P} cuTion before execution proceeds past the loop.
2 This program gets an input value, If the value > -1, the program acds the value 1o & sum, gets another Input, and repeats. val 15 2.

PN ‘eeAs P‘.’ * *»\e |°°P 50 the Jaop's statements execute, making sum 2

3. The loop's statements ended by getting the next input, which is 4. The loop's expression 4 > -1 is true. sothe lcop's statements
execute again, making sum 2 + 4or 6,
4 The Ioop's statements got the next input of 1. The Ioop’s expression 1 >-1 is tnse, 50 the loop's statements execute a third time,

N making sum 6+ or 7
Eﬂd\ "\me *\\( ou “ o 5, The next inpat is -1. This time, <1 > -1 is false, 50 the loopis not entered. Instead, execution proceeds past the loop, where 3

‘OO os S “O ‘\. emm*s ;s statement puts sum, which 1s 7, 1 the output
caled an Heration

I \




A while \oor IS a construct that
repeatelly executes an idented block

of code as lon3 os the |oof3
exPression s Teue

The {ollowing example uses the statement while user_value
1='q: 4o allow a user 4o €nd a 'Fuc-.luwins program by
entering +the chacacter 0 The letter in this case is a
senbinel velee, o value ol Uhen evaluatel LU the \ooP
expeession cawses 4he |eef> 4o tecminate

Enter a characrter ('g' for quit): x
x x
[1}

Enter a character ('g' for quit): €
e \ J i

Enter a character ('g' for gquit): g

An (m€inite leep is o loop that wil alwoys execute
because +he loop's  expression is a'wads True

2 The €icst €ew lines

2 Program that has a conversation with the user. Q

‘ ses elif branching and a random number to mix up the program’'s responses. r e f &ﬂ‘- Q JO‘S“'(M .

mport random # Import a Library to generate random numbers a mu“";'hﬂe 5H (L] 3

rint('Tell me something about yourself.') . M-

'8 print('You can type \'Goodbye\' at anytime to quit.\n') ll'\'efﬂ\ \Jel: ml'\'eA a'\—
the begnning and ead

\93 ‘\'rtfe 100'\'63




I€ the two s%rinas aré not equel, the while |oor lml\g
executes. Within  he kor \:o:!,, the progiam ootains a fandom
numbec  between O and 2 by using the candom kbracy. The
endisk() {unchion provides a new rendom number e€ach +ime
the Ffunchon is colrle‘l

Ram‘om number belween O and S, nclusive:
fandom. fandint (0, 6)

% import random
2 random.seed(5)

eep_bidding = 'y’
ext_bid = @

7 while keep_bidding I= 'n’f:

8 next_bid = next_bid + random.randint(1, 10)
print(f'I\'1l bid ${next_bid}!')
print('Continue bidding? (y/n)', end=" ")
11 keep_bidding = input()

Al commonly mus} iYerate

o specfic number of times,
Such as 10 Limes

The progtammer can use a vanable +o count the aumber of
;'\em‘\‘ion‘, colléd o lcnr vaciable

Figure 6.4.1: While loop with loop variable that counts down.

Figure 6.4.2: Loop variable increased by 2 per iteration,

Construct 6.4.2: Operators like += are common in loops.




A Lor loop statement \oors

over €ach Cdement n a

container on€ at a time

assignin ‘1 a variable with
K

+\\e next clement that can be used in the loop body

Figure 6.5.1: A for loop assigns the loop variable with a dictionary's keys.

_ [ -Lk-e- -m-a ----- - -h-e- — -]

Figure 6.5.3: For loop example: Calculating shop revenue,

Weskiy zevenue: 513882.68 |
Dally average revenue: 51984.10

A ‘Co( loo May also ﬂera'\'e \mckwads over o uencc,
.SM'\M\ at the last element, \{3 using the
\cwx:m Yo cevecse the ocder of he eclements



The following program first prints a list that is ordered aiphabetically, then prints the same list in reverse order.

Biffle | Bowyer | Busch | Gordeon | Parrick |
Printing in reverse:
Batrick | Gordon | Busch | Bowyer | Biffle |

‘1 # The following statement reads three values from input into stock prices
2 stock_prices = [input(), input(), input()]
5

4 for price in stock_prices:

i print(f'${price}"')
1 contact_emails = {
: 'Sue Reyn' : 's.reynfemail.com',
‘Mike Filt': 'mike.filt@bmail.com',
'Nate Arty': 'narty@d42@nmail.com’

e

2}
new_contact = input()
new_email = input()
S contact_emails[new_contact] = new_email

10

11 for contact in contact_emails: B B

12 print(f'{contact_emails[contact]} is {contact}')

m v All tests passed

v Testing with inputs: ‘Alf' ‘alf 1 @hmail com’

| s.reyn@email.com is Sue Reyn
mike.filt@bmail.com is Mike Filt
Kool narty042@nmail.com is Nate Arty
alfl@hmail.com is ALf

The mnse() function allows Ccmrr\\‘na in for \cops as well.

cange() “acnecates a sequence of integers  between a
ShA-ins nteaer that is' included in the fange, an em!:n3

nteaer that s not lncluded n e r‘anae, and an :ﬂeae(
.S'\'CP value




The range() function can take up to three integer arguments,

P e rin h ey
e range(Y) generates a sequence of all non-negative integers fess than'Y. x hogRe bR CREC R AV S At

Ex: range (3) creates the sequence 0,1, 2.

e range(X, Y) generatesa sequence of all integers >= Xand<Y.
Ex: range (-7, -3) creates the sequence-7,-6,-5,-4.

e range(X, Y, 2),whereZis positive, generates a sequence of all integers >= X and < Y, incrementing by .
Ex: range (0, 50, 10) creates the sequence 0,10, 20, 30,40,

e range(X, ¥, 2),whereZis negative generates a sequence of all integers <= X and > Y, incrementing by
Ex: range (3, -1, -1) crealesthe sequence 8,2, 1,0

itial_savings = leeee
interast_rate = 8.85

_years = int(input('Enter years: '))
print()

‘savings = initial_savings

for i in range(years):

print(f' savings in year {i}: ${savings:.2f}')
savings = savings + (savings*interest_rate)

range (0, 5, 2) Every 2nd integer from (10 4.

range (S, 0, -1) Every 1 integer from 5downta 1

range (5, 0, -2) Every 2nd integer from 5 downto 1

Table 6.6.1: Using the range() function. ﬂf’m" D
range (5) | Evetyinteger 0t04. range(10.21,2) |
ot T i e ot
range (3, 7) Every integer from 310 6.
range (10, 13) Every integer from 1010 12, range(5, -6,-1)
range (0, 5, 1) Every 1 Integer from 0 to 4, Starting from 5, the sequence counts down to -5,
stopping before -6,

As a general rule:

1. Use a for loop when the number of iterations is computabie befare entering the loop, as when counting down from X to 0, printing a
string N times, etc.

2. Use a for loop when accessing the elements of a container, as when adding 1 to every element in a list, or printing the key of every
entry in a dict, etc.

3. Use a while loop when the number of iterations is not computable before entering the loop, as when iterating until g user enters a
particular character.

 Nested loeps

A nested loop is a leop that peors in the body of ancther
The ne.sieé \oo ace Commonls refec red +o as
the ou’\e( \oof and |M\¢( \oo?

for i in range(2):
for j in range(3):
# Inner loop body

6 |
4




Tncremental Aevelofmen-P s e process of wriking, Compilng, and
Yesting o Small amount of code, then writing, Compiling, and
testing o small amount more (an incremental omount)” and so

on

A FIXME comment
ottacts atlention +o
coée +het c\eer {o be

£ixed n the futuce

Zates phone nunbes: 1-555-MOLIDAY
Munbecs oniy: 1353572927797

A beeak Statement n o
‘eop caunses the loop +o
exit '.mme&o'\-e\\\j - Sometimes
Mmakes ihe |oor easie Yo
understand

A continu® claltement in
a loof» caunses on
immaliate Jump o the
whie or £or loop header
stotrement - can ‘m\P(ev(‘

the c(eadability of a
|oor




The \oof €se construct executes £ Ahe loop comr\e\-es
(\oﬂt\d\\d and doesn't use a break Statement

- e
Janice canrlm

;:;« mbes of o5 to print: O
Janice Clazice Martin Vercnica dJasen
ALL names printed,

Construct 6.11.7: While loop else.

Construct 6.11.2: For loop else.

Figure 6.12.1: Using range() and len() to iterate over a sequence.

Figure 6.12.2: Using list.index() to find the index of each element.

Element 0: 4
Element 1: &
Elemerc 2; 10

The Enumerate () function crelrieves bo¥h +he index and
co((esromhns clement value at ¥he same hme, f(ovU?nS a
ceanet and moce (Cadoble solution

Blement 0: 4
ZTlement 1: 8
Element 2¢ 10




The enumerate () €unction 3?9\&5 a new le each it+ecation

of *he loop, with the +uple conhh\;nj the cucrent ndex
ané* corces on&‘n flement value. Ua o.ckinJ S a 0cCSS
tha

fd‘o(ms mu\'\'-‘fn\e assignments ot once, bind)

comma-seraa&el names on +he lef+ 4o the Cleme ot
a se.‘uence on {he r.:g\\’r

nwml, numd = [350, Hoo

Functions

ﬁ‘ﬁmm cedundancy con be ceduced \o\\j omaHnS a 3rouf§c\5

of rreJeQ«eA statements o refea{-eA\:‘ used operations,
Krown as a funchon

A Cunclion is a namel series of statemenis

‘A function de€abon consicte of the Lunchions nome
and a block of sStatements

def Ca‘é-fizza-am(\l €ollowed \>3 on indented
block of statements

A Cuachion cell) /s an invecotion of the €unchion's
name€, causing the functin’s statements +o execute

The def Keyword is used Yo creote new Lunctions



[12.0 inch pizza is 113.087 square inchssl

S —

Emmdms ] A Lunction Moy (€turn one
Volue u‘ﬁ”ﬂ o reYwn
— stotement - ot two or

mMo(€

A Cunchon with no retuen stotement, o a return shntement
with no 'Fel\ow:np expression, (etuins the volue Wen® - speciol

Keyword thet indicates no value

A Proﬂrammer con wfluence o fuaction's behavior Via an h\fw\'

‘A fommexer 6 o funchon input sPeci{:eJ in a {unchion
ée(im'\"-m

Ex: A piaza or€a £function might have dlameter os an
:l\fu:\'
*An araumen'\' is a value Frov.'.)ec\ to o funchon’s
parameter c\u.n‘nJ a {unction call

Ex: A piaza ocea funchion might be colled as
PaatPiazaAcea (12.0) or os wHPiaaa Acea (16.0)

A Cunction Moy have
ﬂ\u\\-§?\€ '»rame-}e( (4
Sefarr\eé by commas o

no raramev\—ers 6$ n:

def cale_sum()



A function’s statements may include function calls, known as
hieacchical {unchion calls -« nested fuackion colls o= in:

wse(_ infu'\' = n} (hfu"( ))

A common operotion for o fuachion s to Pr?n\' text. A funchion
Hhat °“‘3 Prhds '\U ia\h does not retuen a value. A Cunchion
with no ceturn statement is called a Veid funclien - Ceturns

+the volue ANeone
[Ordor 42: ]
Items: 4
Total: $13.99

Figure 7.2.1: Example: Menu System.

2) sembalaya

3 Quic .
Enter choice: 1
order: Sumbo

May is 19
May made 31 points

- Dynomic Typng



Dynamic and static typing

A programmer can pass any type of object as an argument to a function. Consider a function add(x, y) that adds the two parameters;

A programmer can call the add () function using two integer arguments; as in add (5, 7), which returns a value of 12. Alternatively, a
programmer can pass in two string arguments, as in add ( 'Tora', 'Bora'),which would concatenate the two strings and return

'ToraBora’.

The funckion’s behovior of oJJ:g +o3e{>ner diffecent +3|>es s
a cmcef'i- coled Po!gm«fkism

(A+3)=¢
(x» 3) = %xxx'

Pa“mn uses Jdncmk 'br.‘cs Yo determine the type of o\:j&‘\:s
as o peogfam exécutes

Statie 0 wices the programmer +o define the e
of e\le(:5‘\3‘:Ial';u‘cl\:\‘:1 anA QVQQP *i?nd-ion fammd—e( in the {63059

Figure 7.4.1: With user-defined functions, the main program is easy to understand.

Enter nunher of stape walked: 1000
Feet: 3000 -
|zatories: S0

teps = int{imput (‘Enter numbar of stsps walkes: '))
feec = Bteps to feetfateps)
print {'F=at:', feet})

caloriss - stepa_to_celoriza{stepa
print ('Calories:’, calories)

Figure 7.4.2: Without user-defined functions, the main program is harder to read and understand.

Enter numbsr of STps Walked: 1000
Feer: 3000
lorint ('Feat:’, feet) Calories: 50

pinuces =~ ageps / steps per minute
calories = minutes * calories per minuts walking
rint('Calories:', calories) :




Pro tammels common| use (unc-\n‘ons 4o wiite rrodms
m::?ularl‘\l and tncremcvgo\b

« Modulac Jm‘ormen\' s the grocess of JN‘AMJ a progfem
inte  Sepemte wmodules thot can be Aeve\ofee\ and tested
Sefamr\gb and then 2n’c¢3ra*el e @ s.\;.J\e progrom

Taccemental development (5 o process n which a
progfammer  wnites and tests a few Statements, then
w:?es and tests a small amount more, and so on

main program with radundant code main program calls calc eircle_area()
avoiding redundan! code

def mph_and_minutes_to_miles(miles_per_hour, minutes_traveled):
hours_traveled = minutes_traveled / 66.8
miles_traveled = hours_traveled * miles_per_hour
return miles_traveled

LRV R

7 miles_per_hour = float(input())
'8 minutes_traveled = float(input())

293 =
116 print(f'Miles: {mph_and_minutes_to_miles(miles_per_hour, minutes_traveled):f}")|

Esquared plus 9 squared is 13(]

| I

The expression then evaluates to ¢2 = 49 + 81, which assigns variable ¢2 with 130.
Lastly, the print statement executes.



1) x = height_US to_em(S, 0)

Correct
@ valid
The function call evalustes to a value. x is assigned with
O Notvalid that value
2) x=2*(height_US_ta_cm(5, 0) +1.0)
Correct
@ valid )
The function call evaluates to a value, which can then be
O Not valid used as part of 3 larger expression,
3) x=(neight_US_to_cm(5, 0) + height_US_to_cm(6. 1)) / 20
Correct
® vald i
" Each function call evaluates to 2 distinct value Having
QO Notvalid multipte calls to the same furction, or different functions.

inan exoression is thus 0K

4) Suppose pow(y, 2) returms y 1o the power of z. 15 the following valid?
x = pow(2, pow(3, 2))
® valid
O Not vaiid

Correct
pow(3, 2) evaluates to 9. povi2, 9} svaluates 10 512,

‘def c_to_f(temp_c):
temp_f = (temp_c * (9/5)) + 32
return temp_f

4
5 temp_c = float(input('Enter temperature in Celsius: '))
temp_f = None

temp_f = c_to_f(temp_c)
10 print (temp_c)
12 print('Fahrenheit:' , temp_f,

Figure 7.5.1: Program that calculates cylinder volume and surface area by calling a modular function for
the cylinder's base.

Bl;lt Mﬁ‘!“ml! 10
Entas halghs:

Cylinder suri
2§2.478

1 def calc_base_area(base_length, base_width):
2 return base_length * base_width

3

4 def calc_pyramid_volume(base_length, base_width, pyramid_height):
5 base_area = calc_base_area(base_length, base_width)

3 volume = base_area * height * (1/3)

7 return volume

8

9 length = float(input())

width = float(input())

11 height = float(input()) N - :
12 print{f'Volune for {length} {width} {height} is: (calc_pyramid_volume(length, width, height):.2f}')|




Pms foms ace typically watten using inceemental deoPmen* -
meéaning @ proglammeér writes and tests a few Slatements,
then writes' and tests a small amount more, and So on

To assist with the incremental Jevelofmen’r process,
FPOSramerS oommonld introduce funchon 5-‘1‘\3, which oce
Lunction defintions whose stmtements hove not yer been
written 59(—

A rro fammer .S\\ou\&
consider whether o¢
Not comns the
nawatren Luaction i
a vald operation. One

fl‘oa&‘\ s to use
the pass ikeyword,
which' perfocms no opefation except +o act as o place-
holder €or a rec‘u:ceé statement

Enter number of steps walked: 1000
feet: 3000

AM‘\’M( foad\ ;s +° Figure 7.6.2: A function stub using a print statement.
priot o me.ssoq: when T

a €unction shib s o

colled - good prackice is for a shb to ceturn - £oc a
funckon et wil hove o celurn value

To sto executing f
an nshed Ginclion
[ is called an
HEEEE] NetLmplementedBrror
con be aene(a‘\'eJ wh
e statement

(aise No\'ImP\emen'\-&\ Ecroc



def get_user_num():
print('FIXME: Finish get_user_num()')
return -1

def compute_avg(user_numl, user_num2):
print('FIXME: Finish compute_avg()')
return -1

user_numl = @
user_num2 = 8
avg_result =

user_numl = get_user_num()
user_num2 = get_user_num()
avg_result = compute_avg(user_numl, user_num2)

nt('Avg: ', avg_result)|

m\m item ssiling price (ex: 55,00):
6.85.
enay fea: 5 1.7934955389593845

'snm dcvem nu&m price (ex: §5.00): 40
an-y fee: 5 5

lnm dcem num prica fex: §5.00): 100
al-y fea: 5 O

lm: item selling price (ex: €5.00): 500
eBay fee: § 29.5

i;eez item selling price (ex: 65.00):
2000

2Bay fes: 5 74.5

def print_popcorn_time(bag_ounces):
if bag_ounces < 3:
print('Too small')

elif bag_ounces > 10:
print('Too large')

else:
seconds = bag_ounces * 6
print(seconds, 'seconds')

=

=
NEF O®WWOWNOWVEWNRE

=

user_ounces = int(input())
print_popcorn_time(user_ounces)|




A Luachon definbion Ve
def acnt_face(): creates S L 6
a new funchon 0\2)00" - ::;::YEﬁg 1)
with the name Pr}n\'.‘Foce e ;m 1 ;y)

\)ounA “'o ‘H\a" o&}é’c“’ 13 RETURN VALUE

A pack oF e wlu® of a funchion °\’Je‘+ S comrﬂee\
ba*tuée that represents the statements ” 4o be executed
k\\, ‘“\e 'GnnG'\'?of\

Figure 7.8.2: Functions can be passed as arguments.

Enter "i% 1o draw mopkey, "2" for pumas: 1
il

mtn-n' 0 draw sankey, "3" for human; 2
S : g
P

Copy-paste errors
A common error (s to copy-and-paste cade among functions but then not complete all necessary modifications to the pasted code. For

example, a programmer might have developed and tested a function to convert a temperature value in Celsius to Fahrenheit, and then
copied and modified the original function inte a new function to convert Fahrenheit to Celsius as shown:

Figure 7.9.1: Copy-paste common error: Pasted code not properly modified. Find error on the right.

Return errors

Another common error is to return the wrong vanable, like if return temperature had been used in the temperature conversion program
by accident. The function will work and sometimes even return the correct value,

Another common errar is to fail to return a value for a function. |f execution reaches the end of a functions statements without encountering
a return statement, then the function returns a value of wone, If the function is expected to return an actual value, then such an assignment
can cause confusion.



A VO(‘:O\\Q of ‘ruﬂC‘\';on Figure 7.10.1: Variable scope:
°\’J°‘+ S on‘s wvisitle +o i =
att of a pregram,
Kanown as +he elz')ecﬂt
scop® - when o vaneble
s created wside a
€unction, the vanoble’s
Scope s lmited +o inside that function

le_et * inches per foot) + inehss
tal inches * Centinstexs per i

Local variable scope extends from assignment 1o end of function. Giobal vanable scope extends 1o end of file

The funchion’s vanables +otal_inches ond cenfimelecs ace
invisible +o e code oulside of the funchion and cannct
be used. Such wvociables defned inside a funchion oce colled
loca\l vaciables

In conlast a variable de€ined outside of a funchon s
called a a\e\;al variable

Figure 7.10.2: The global statement (right} allows medifying a global variable: A \OLC\ 5'\'0‘\'3“(\‘\’
B s = must be used to
é"\ﬂn e ‘H\e valu® of

[ s\o‘w\ vac.able :nsiJQ
of a f{unchon

Enter saploges nams: RAMes Nemtagua Ertar awployes fame: Julie: capalst
Zoployes neme: B/A i Czployee name; Julie: Capulet

Figure 7.10.3: Function definitions must be evaluated before that function is called.

(wamesrror: name rget_name" is not aerinea]




A namesiuce maps  names Yo o\:jeo\'s

Figure 7.11.7: Using the globals() to get namespace names.

Inizial global namespace:

8]

Created new variable

['my vag': 'This is 3 variabls’)

Creacted mew fumetion
{my_var's ‘7his i3 3 varlabla', 'my_func': sfurction my_fuanc at 0x234%d4>1

Scope and scope resolution

Scope is the area of cade where a name is visible, Namespaces are used to make scope work. Each scope, such as global scape or a local
function scope, has its own namespace. If a namespace contains a name at a specific location in the code, then that name is visible and a
programmer can use it in an expression.

There are at least three nested scopes that are active at any point in a program's execution: !

1. Built-in scape — Contains all of the built-in names of Python, such as int (), str (), 1ist (), range (), etc.

2. Global scope — Contains all globally defined names outside of any functions.

3. Local scope — Usually refers to scope within the currently executing function, but is the same as global scope if no function is
executing.

When a name is referenced in code, the local scope's namespace is the first checked, followed by the global scope, and finally the built-in
scope. If the name cannot be found in any namespace, the interpreter generates a NameError. The process of searching for a name in the
avallable namespaces s czalled scope resolution.

Afaumenks to funchons ore pessed by obiect reCerence, a
3 P gy °Y

conée Knowa ia Pd‘“-sen as ass- avassidnma\\‘. Whea a
funclion is called, new local vaciables ac€ cofated in dhe
funchion’s local namespace \3 \;-‘nJ;n\g e names in the
Parame-\-er Iis+ 4o +he rasseJ a(sumen-\'s

The semantics of passing object references as arguments is important because modifying an argument that is referenced elsewhere in the
pragram may cause side effects outside of the function scope. When a function madifies a parameter, whether or not that modification is
seen outside the scope of the function depends on the mutability of the argument object.

« If the object is immutable, such as a string or integer, then the modification is limited 1o inside the function. Any modification to an
immutable object results in the ereation of a new abject in the function's local scope, thus leaving the ariginal argument object
unchanged.

o |f the object is mutable, then in-place modification of the object can be seen outside the scope of the function. Any operatian like
adding efements 10 & container or sorting a list that is performed within & function will also affect any other variables in the program
that reference the same object.

The following program illustrates how the modification of a list argument's elements inside a function persists outside of the function call.



A funchion with man uments can become very lo and
Koy 4o camd s o

P&‘“\cf\ ?(ov"ées foc Ke:o,worql mawm&\"s that allow agumen*s o
mop }o famméec by name instead of :“‘P‘;"“d \U pesition
in the osumen¥ l:si

Keywaord arguments provide @ bit of clarity to potentially confusing function calls. Good practice is to use keyword arguments for any
function containing more than approximately 4 arguments.

Keyword arguments can be mixed with positional arguments, provided that the keyword arguments come last. A common error is to place
keyword arguments before all position arguments, which generates an exception.

Figure 7.13.3: All keyword arguments must follow positional arguments.

Somelimes a function
hos pocameters that
e Qf'“ona\- A
funchon con \\ove
o default

value {oc one or
moce Parame\vers, meaning thet a fuachon coll can opiienall
omit an argument, and “Ahe default paameler Value will be
Su\:s‘\-;-\'u'ke\ foc e éorrt‘s“:oﬂé}ns omvH'eJ asumen'\'

7/ 30 / 2012
3/ 7/ 2012
7/ 30 / 2012




A ?aramd—« s
defau\Y vae ¢
e value used in
he absence of an agumen‘\ in the fuackon coll

If a parameter does not have a default value, then failing to provide an argument (either keyword or positional) generates an error.

A common error is to provide a mutable object, like a list, as a default parameter. Such a definition can be problematic because the default
argument object is created only once, at the time the function is defined (when the script is loaded), and not every time the function is
called. Modification of the default parameter object will persist across function calls, which is likely not what a programmer intended. The
belaw program demonstrates the problem with mutable default objects and illustrates a solution that creates a new empty list each time
the function is called.

Figure 7.13.6: Mutable default objects remain changed over multiple function calls,

Solution: Make new list

Default object modification

(‘1501
150, 1003

[501
(100}

Mixing keyword arguments and default parameter values

Mixing keyword arguments and default parameter values allows a programmer to omit arbitrary arguments from a function call. Because
keyword arguments use names instead of position to match arguments to parameters, any argument can be omitted as long as that
argument has a default value.

Consider the print_date function from above. If every parameter has a default value, then the user can use keyword arguments to pass
specific arguments anywhere in the argument list. Below are some sample function calls:

Figure 7.13.7: Mixing keyword arguments and default parameter values allows omitting arbitrary
arguments.




Somehimes a progcammer doesn‘t Know how man agmnls o

function wices. A function defintien can include o *args
amelér that collects cf‘\'-‘ona\ ro.si-\'-‘ona\ fq(ame-\-«s isto an

acLi-\mg afqument list -h.f\e

turkey on sourdough with mayo )
ham on wheat with mustard tomato letiuce

A»'\"ﬁ a fingl function rafame-kr of **wangs creates a
&i&-‘onar\\, containing “extra" arguments not “defined in the
funchion defintion; Kwaas s shotd €oc ngoté agumcn'\s.
The K of +he An‘e‘?onag are {he rarome-"e( nomes
.sfec‘.f:e in e funchion call

tn:’hey ‘on sourdough
SauCe: MAYO

saucel: mustard
vegglel: tomato
veggiez: lettuce

The » and ** characters in *args and **kwargs are the important symbols. Using "args” and "kwargs" is standard practice, but any valid
identifier is acceptable (like perhaps using *condiments in the sandwich example).

One or both of *args or **kwargs can be used. They must come last (and in that order if both are used) in the parameter list, otherwise
an error oceurs.



Multiple function outputs

Occasionally & funiction should produce multiple output values. However, function return statements are limited to returning only one value.
Awerkaround I8 to package the multiple DUtpULS Into a single container, commaoniy a tupie, and to then retum that centainer.

Figure 7.15.1: Multiple outputs can be returned in a container.

[average score: 73.33353333333333
1§ ation: 15.26 :

The statement average, Standad _deviation = aek_ 3mJ€-
staks(student_ scoresy udilizes un?uk'.rlj to “perfsem mumr\?
assianmen*:s ot once, So that averagqe and d_
deviation are a.ssfaneé {he Gt and second elements €rom
the retuened tuple

Docstrings

A large program can contain many functions with a wide variety of uses. A programmer should document each function, giving a high-level
description of the purpose of the function, so that later readers of the code can more easily understand. A docstring is a string literal placed
in the first line of a function body.

A docstring starts and ends with three consecutive quotation marks. Good practice is to keep the docstring of a simple function as a single
line, including the quotes. Furthermore, there should be no blank lines before or after the docstring.

MultiHine docstrings can be used for more complicated functians to describe the function arguments. Multi-line docstrings should use
consistent indentation for each line, separating the ending triple-quotes by a blank line.

Figure 7.16.1: A single and a multi-line docstring.




The Relp() {unckion can o0id a programmec \’J F“"’;‘L\"J hem
with a\t the documentetion assw‘a?d with an o\d!d'. A
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Figure 7.17.1: PV = nRT. Compute the temperature of a gas.

Enter pressurs (in Pascals): 2500
Encer volume (in cubic meters): 35,5
Enter number of moles: 1B
Temperature = 553.01 K
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statement of o Possl\;\e cause, .Sh-é& so as to be ether
trve o false

Hiefarchical hypotheses o hypsthesis moy be AecomfoseJ
ioto more precise  Sub-hypotheses



More on tests and solutions

o After a test validates, the solution may be obvious. Once a cause is found, a user tries to solve the problem. The solution may be
obvious. Ex: I a test visually inspecis a lamp's wire, which is found unplugged, the selution is to plug in the wire. If a test checks a
smartphone's volume setting, which is found turned off, the solution is to turn the volume on.

Some tests solve the problem too. Sometimes the test itself solves the problem. Ex: A test for hypothesis "Bulb broken” is "Insert a new
bulb™. If the lamp lights, the hypothesis is validated, and the problem is solved.

Some hypotheses can't be directly tested, so a solution is fried. Sometimes a direct test of a hypothesis isn't possible, but a solution
can be tried, If the problem is solved, the hypothesis is indirectly validated. Ex: Problem: A user can't hear audio on Skype. Hypothesis:
Skype’'s software has been running a long time and is in a bad state. Test: No simple test exists, since users can't examine the
software. However, a solution would be to restart Skype, which starts in a good state. If that solves the problem, the hypothesis was
indirectly validated, but one can't be sure.

Some 1ests address multiple hypotheses. Sometimes a single 1est may invalidate multiple hypothesis. Bx: A problem is the grass
turned brown. Hypotheses include "Water is off’, "Sprinkler system is off", and "Sprinkler system has large underground leak’. One test,
“‘Check if grass Is wet’, can invalidate all three hypotheses; if wet, the water must be on, the sprinkler system must be on, and a large
leak must not exist (assuming the user knows rain hasnt occurred lately)

Binacy seacch dvides an dem into dwo holves, runs a lest
to decide in which hol€ Some“\?ns lies, and rereﬂrs the
b&nog seacch on thet half

A PNQQ’“\ e o ceries of ‘astruchions (Stotements) o
computec exécutes o Per&rm a calcwlation

In o program, a preblem’s cause is called a (bug, and
*Fau\:\QS\\oo'\'tns s called Jﬁuss?ns

A basic debugaing process is Wisuol inspechon - locking ot
each 5-\'a+em\>:¢\3*8 gne-bd'of\e '+o 4"3 o fd a bvs >

Ancther debugging process is to iasert Je\wg ouﬂwﬂ'
Stotements géose output \r\e\rs detecmine  whether +he
pceceJ:nS stalement has the \3\5

Stan q5



5‘\‘(‘ ;ﬂ&s ac a S€Quénce '\'3‘)9 kov:‘ns o\'\am"«s ordeced \’J
ndex €rom left o r.‘J\r\'. An (ndex s on Inteqec mal-c\\irls
o a sfeciﬁc pesition in o s’cc:ng’s Se‘uence oé chocactecs

A programmer often needs Yo read moc® Man one chacacter
ot a +ime. Mul'hf\c conseecutive characters can be read \A-SIQS
slice notation

Slice aotation
has +the_ focm
ma_ste [stack:end], which creates o new staag whese
w;leue conteins the chatacters of my- St £from indices
stack +o end -1

=+=[o]o] InJo[+] MEMMM'] Varidbes can be used in place
of Wecals to speciy slice
my strfo:z] : 'DO’ [\o“’a“‘:gﬂ S‘\“('\' aﬂa eﬂA :‘\J:‘“

my_str[0:8] = 'DO NOT'

my _Str [)( 5]

my str[7:10] : 'L'E'

Load defaul late... Hello there. Nice to meet youl

1 usr_text = input('Enter a string: ')

3 First_half = usr_text[:len(usr_text)//2]
5 last_half = usr_text[len(usr_text)//2:] Enter a string:

The first half of the string is "Hello
27 print(f'The first half of the string is "{first_half}' th i
8 print(f'The second half of the string is “{last_half}' ere. NL

| ' ' ' The second half of the string is "ce to

mest you!"™

Figure 10.1.2: A slice creates a new object.

The arnimal is a cat
The animal is still a cat




Table 10.1.1: Common slicing operations.

Alist of common slicing operations a programmer might use.
Assume the value of my_str is "hitp./en wikipedia.org/wiki/Nasas

[ T ]
my_sStr[10:191 wikipedia Gets the characters in indices 10-18.
-my_str [10:-5] -I‘Vwik‘rpedia.drg/wiki/ Getsthe characters in indices 10-28,
my str[g:] n.wikipedia org/wiki/Nasa/ All characters from index 8 until the end of the siring.
my str(:23] v http:/enwikipedia.org Every character up to index 23, but not including my_str{23].
my strf:-1] hup:/en.wikipedia.org/wiki/Nasa | All but the last character,

Slice notabon also provides for o thid ataumen'\; known
as the stade. The @tride delermines how much 4o
\nccement the index afler €ach element

my-s+c[0:10:2] ceads every other element belween ©
and 10. The stade defaults +to 1 f not SfEC:GeJ

All numbers: 0123458785
Every even number: 02483
Every third numoer between 1 and 8: 147

start_index = int(input())

end_index = int(input())

. rhyme_lyric = 'The cow jumped over the moon.'
sub_lyric = rhyme_lyric[start_index:end_index]
5 print(sub_lyric)| !

I

Player Name Goals Games Played ‘Goals Fer Game
Sadic Mane 22 36 0.61
Mohamed Salah 22 L} 0.58
‘Sergio Aguaro 21 33 0.64
Jamie Vardy 18 324 0.53
Gzbrisl Jesus 7, 29 .24

Nate in the above example how the text is formatted into columns with the contents of each column (except the leftmost column) centered
under the column header. A programmer could achieve this careful formatting by placing spaces into their output strings, but each row
would require different numbers of spaces depending on the player name (langer names require fewer spaces between the first and second
columns).



A Kemat specification ma

insected into the .54(‘.‘:\8

ndude o feld widih Ahet

Je&-':nes the minimum number of charactecs that must be

{name: 16} Sfed('ies o widlh of 16 chacacters

print(f' ("Player Name":16} {"Goala":8)")
print('-" v 24)

print(f'{"Sadio Mans":16}{"22":8}")
print(f' ("Gabriel Jesus":16)}("7":8}')

Pll|a|y|e|Tr Nia|mle Glo|al|l|s
Slal|d]|i |o Mla|nle 2|2
Gla|b|r |i]e]l Jle|s|uls 7

Player Name Goals

Sadio Mane 22
Gabriel Jesus 7

D

A focmat sfeti-ﬁw\-?on
con include an alu‘anmeo*
chacacter thot
determings how o
Value should be a\i&n&l
within the width of
e £eld

The bosic set of

pess.B\e alignment

¢ 1 2 3 4 5 € 7T B 910 11 32 13 14 15 1617 18 19:20 21 22 23 $+\ \\ d
' - . (ngs acr€ left-a \gn

Numbecs oce cight- a\:‘snd

jons ndude lef4-

Playsr Name Goals

Zadic Mane 22
Gapriel Jesus 7

Player Name « Goals

Sadic Mane
Gabriel Jesus

22
7

f£'{"Player Name":<16)("Goals":<8)"

Lefi-aliones f'{names[i] <16} {goals[i]:<B}"
: f'{"Player Name":>16}("Goals":>8)"

Right-aligned f'{names[i] :>161{goals[i]}:>8}"
f£'{"Player Name":%16}("Goals":~8)"

e f'{names[i]l:*16}{goals[il:*8]"

Flayer Name ‘Goals

Sadic Mane
Gabriel Jesus

22
7

a\-aneé ‘<! r‘s\\’r—a\:ﬂna\ 'S

and cen‘\'e(QA A
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B) rer\ocemeﬂ feld when the stan
{score:4} (e} ke;ﬂ :n.‘«“’eJ ;S Sma“e( ""\‘ﬂ é\f

{score:0>4} 9 ;le\ WtA"\\

{scors:0>4} 18 (oo2e) {Score:0>‘\} is 0009 f score is
{score:074} 18 q

{score:} 9

A ?roscamme( Common\\\, wants to Sset how Mony A.‘SQB o
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pi is 3.141592653588793
22/7 is 3.142857142857143
722/7 looks better like 3.14

Finding and replacing

A comman task for a programmer is to edit the contents of a string. Recall that string cbjects are immutable — once created, strings can
not be changed. To update a string variable, a new string object must be created and bound to the variable name, replacing the old object.
The replace string method pravides a simple way to create a new string by replacing all occurrences of a substring with a new substring.

« replace(old, new) — Returns a capy of the string with all occurrences of the substring old replaced by the string new. The old and new
arguments may be string variables or string literals.
» replace(old, new, count) - Same as abave, except only replaces the first count occurrences of old.



Some methods are useful for finding the position of where a character or substring is located in a string:

« find(x) - Returns the index of the first occurrence of item X in the string, else returns -1. x may be a string variable or string literal.
Recall that in a string, the index of the first character is 0, not 1. Ifmy_str is 'Boo Hoo!:
omy str.find('!') # Returns 7
e my str.find('Boo') 4 Returns 0
omy str.find('oe') # Returns 1 (first occurrence only)
« find(x, start) - Same as find(x), but begins the search at index start:
omy str.find('co', 2) # Returns 5
« find(x, start, end) — Same as find(x, start), but stops the search at index end - 1
omy str.find('co', 2, 4) # Returns -1 (not found)
 rfind(x) - Same as find(x) but searches the string in reverse, returning the iast occurrence in the string.

Another useful function is count, which counts the number of times a substring occurs in the string:

« count(x) ~ Returns the number of times x ocecurs in the string.
o my str.count('oo') 4 Returns 2

Note that methods such as £ind () and rfind () are useful only for cases where a programmer needs to know the exact location of the
character or substring in the string. If the exact position is not important, then the in membership operator should be used to check if a
character or substring is contained in the string:

Steia o\)‘jec\’s Moy be compared using celabionol atocs
(<. 2=, 3, >9), Gual Eera*ors ==, 12), mejl:rs\stf

operators (in, not i), dentity ofera‘\'of.s (is, is not)

'Hello' == '"Hello' The strings are exactly identical values
'Hello' == 'Hello!' False The left hand string does not end with "'
‘yankes Stseat S TRag WissY True The first character of the left side "Y' is "greater than' (in ASCII value) the

first character of the right side ‘A

The characters of both sides match until the second word. The first
'Yankee Sierra' > 'Yankee Zulu' | Faise character of the second word on the left 'S'is not "greater than" (in ASCI|
value) the first character on the right side ‘Z'

*seph' in "Joseph' True The substring ‘seph’ can be found starting at the 3rd position of 'Joseph'

'jo' in 'Joseph' False jo (with a lowercase ) is not in 'Joseph' (with an uppercase 'J)




If one string is shorter than the other with all corresponding characters equal, then the shorier string is considered less than the longer
string.
The membership operators (in, not in) provide a simple method for detecting whether a specific substring exists in the string. The

argument to the right of the operator is examined for the existence of the argument on the left. Note that reversing the arguments does not
work, as 'Jo s a substring of 'Kay, Jo, but 'Kay, Jo' is not a substring of 'Jo’.

The identity operators (is, is not) determine whether the two arguments are bound to the same object. A comimon error is to use an
identity operator in place of an equality operator. Ex: A programmer may write name is 'aAmy Adams', intending to check if the value of
name is the same as the literal Amy Adams’. Instead, the Python interpreter creates a new string object from the string literal on the right,
and compares the identity of the new object to the name-object, which returns False: Good practice is to always use the equality operator——
when comparng values.

Figure 10.3.2: Identity vs. equality operators.

Enter student name: Amy Adams
Identity operator: False
Equality operator: Trus

A number of methods are available to help manage string comparisans. The list below describes the most commonly used methods; a full
listis available at docs.python org.

» Methods to check a string value that returns a True or False Boolean value:
o isalnum() - Retumns True if all characters in the string are lowercase or uppercase letters, or the numbers 0-9.
o isdigit() - Returns True if all characters are the numbers 0-9.
o islower() — Returns True if all cased characters are lowercase letters.
o isupper() - Return True If all cased characters are uppercase letters.
o isspace() — Return True if all characters are whitespace.
o startswith(x) — Return True if the string starts with x.
o endswith(x) — R=turn True if the string ends with x.

Note that the methods islower () and isupper () ignore non-cased characters. Ex: *abc?' .islower () returns True, ignoring the
question mark.

Creating new strings from a string

A programmer often needs to transform two strings into similar formats to perform a comparison. The list below shows some of the more
common string methods that create string copies, altering the case or amount of whitespace of the original string:

« Methods to create new strings:
o capitalize() - Returns a copy of the string with the first character capitalized and the rest lowercased.
o lower() — Returns a copy of the string with all characters lowercased.
o upper() — Returns a copy of the string with all characters uppercased.
o strip() - Returns a copy of the string with leading and trailing whitespace remaved.
o title() - Returns a copy of the string as a title, with first letters of words capitalized.

A user may enter any one of the non-equivalent values ‘Bob', ‘BOB ', or 'bob’ into a program that reads in names. The statement
name = input ().strip().lower () reads in the user Input, strips the leadihg and trailing whitespace, and changes all the characters
to lowercase. Thus, user input of 'Bob', 'BOB ', or 'bob’ would each result in name having just the value 'bob'

Good practice when reading user-entered strings is to apply transfarmations when reading in data (such as input), as opposed to later in the
program. Applying transformations immediately limits the likelihood of introducing bugs because the user entered an unexpected string
value, Of course, there are many examples of programs in which capitalization or whitespace should indicate a unigue string - the
programmer should use discretion depending on the program being implemented.
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Enter URL: htrp://en. wikipedia. arg/wiki/x.uciue ball
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Auseful application of the join() method is 10 build a new string without separatars. The empty string (') Is a perfectly valid string object,
Just with a length of O, So the statement ** . join{['http://', 'www.', 'ebay', '.com']) produces the string

m s*{ o @ . ‘http://www.ebay.com.
Jo lﬂ ([ k‘ Figure 10.4.2: String Join () example: Comparing Join vs. loops.
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Using the split() and join() methods together
The split() and join() methods are commonly used together to replace or remove specific sections of a siring. Ex: A programmer may want

1o change 'C/Users/Brian/report.ixt' to 'C:\\Users\\Brian\\report txt', perhaps because a different operating system uses different
separators to specify file locations. The example below illustrates how split() and join() are used together.

Figure 10.4.3; Splitting and joining: Replacing separatars.

Enter file name: C;/Users/Wolfman/Jocuments/report.pdf
Enter new separator: \\
C:\\Users\\Wolfman\\Documents\\report.pdsr

A programmer may alse want to add, remove, or replace specific token(s) from a string. Ex: The program below reads in a URL and checks
whether the fourth token (index 3) is 'wiki', as Wikipedia URLs follow the format of http:/language.wikipedia org/wiki/topic. If ‘wiki' is
missing from the URL, the program uses the list method insert() (explained further elsewhere) 1o correct the URL by adding 'wiki' before
index 3.

Figure 10.4.4: Splitting and joining: Editing tokens.

Enter Wikipedia URL: hrop://en.wikipedia.org/wiki/Rome
Loading http://en.wxikipedia.org/wiki/Rome

Enser Wikipedia URL: htep://en.wikipedia.ora/Rome
ntrp://en.wikipedia.crg/Rome is not 2 valid address.
Redirecting to hirp://en.wikipsdia.org/wiki/Roms

—L:S"S anl D;L‘\‘;oﬂar;es—

The hist obdec‘\' ﬁfe s one of the most :mfof‘\'aﬂ“’ and
often used -\'afes " a P\\J‘“\oﬂ program
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Each element in o list con be o diffecent dype such as
s’m'nﬂs, ‘.n+e3ers, Cloots, or even other |lisis

The \iS‘\'() ‘Gu\c‘hem auep+s a 5:05|e recable o\ﬁec'\' agumen*,
Such as a $+rit\5, list, or ‘mple, ond returms a new st
object

An GadeX 's o =2ero-based integer ma‘\'c\ﬁns Yo a sreci&c
pesition in dhe Fs¥'s sequence of elements

-Cannot be a 'Flea-hnﬂ-fo}n{‘ 4399

1) print (animals[0])

cat

z
Table 11.1.1: Some common list operations.
‘ opeation ; Description : ‘xample code | Exampieouput A |;$.\. ) mu{-‘h\e anA
ist = (1, 2, |
i T BB EED | s thus akle o grow
my_tise = Lisz(*123%) | r—er—s A \‘ \ K ‘*“ +
list{iter) Creates a list orint (my_list) _ an s C) W oW
1 A
my_iiet = [L, 2, 3] | *\\e P%ram ‘\OVM
my._listfindex] Get an element from a st print imy_list{i}) | @
| | | to ref\ue he entice
my list = [L, 2, 3] |
my_listlstartend] gfsae?ec::itscontaimngscmofanother pﬁn;(my_nuzuun .’ ‘;s+ V:'\“\ e n qu'*eJ
my.list + my.list2 iﬁ;"mf:;;’m;}mwmmy"m ;’izit’(:,f;{i;f’ R ‘OPS

Such sro\m‘ns and
S\\dnkknﬂ cafa\)mﬁ Y
called n-place
modification

One stw\f\e method to ccaate a copy:

sour.'l'eams = ma.‘\'eams [:]

Pitt Affleck Damon



A list methed Con Pe({efm a usefu ofera-\:m on a list such
[ 73 a&ltc\j or cemoving elements, So('\-ins, rev‘ersicls, etc.

. : . my list = [5, 8]
listappend(x) | Addan item to the end of fist. Gy Tiee ane iG] l

; : my list = [5, 8] _
listextend([x]) | Add all items in fx] to list. my_List.extend((4, 121) [t5. 8 4. 121]
Ty = s i Ly |my list = [5, B)
listinsert{i,x) | Insertxinto list before position i. oy Tist dnsartor 1%
Removing elements

my_list = [5; &, 14]

listre R ve first i from list wif
istremove(x) Remove first tem from list with value x. my. Tist - veiove )

my_1ist = [5, 8, 14]

list.pop() Remove and return last itemin fist, T =y tistponth | veie s
, ) i |my 1ist = 5, 8, 14)
list| d return item at position i in fist. = 3 -
pop(i) Remove and re posianin val = my_list.pop(0)  valis5
Modifying elements
) : ] my_list = [14, 5, 8]
list.sort() Sort the items of list in-place. sy i atasrty)
. my list = [14, 5, 8]
listreverse() = Reverse the elements of list in-place, Sy Liat, rasnrabl)
Miscellaneous
: . B } my list = {5, 8, 14] -
listindex(x) = Return index of first item in list with value x. PELNE Ry 1446 index (14)) Prints "2
listeount(x) | Count the number of times value x is in list my.’lmt = .[5' 8r: 903, WA | oguge
print(my list.count(5))

1. vals isa list containing elements 1, 4, and 16.

2. The statement vals.append(%) appends element 9 to the end of the list.

3. The statement vais.insert(2, 18) inserts element 18 into position 2 of the list.

4. The statement vals.pop() removes the last element, 9, from the list.

5. The statement vals.remove(4) removes the first instance of element 4 from the list.

6. The statement vals.remove(55) removes the first instance of element 55 from the list. The list does not contain the element 55
so vals is the same.



A programmec commonly wents to access each element of o
list. \-oof}na ‘H\f‘o\g‘\ & Sequenc® Such as a list is so
common that Pgthon suppocks a  construct called o for loop,

5Pe¢;ﬁ¢all‘~3 for reration rurrose.s _

Figure 11.3.2: Iterating through a list example: Finding the maximum even number.

Iates mumberz:d 523 -1 456 1 693
92

e -
Hax even 4 456

Eater numparsi-5 ~19 ~44 -3 -37 9 -37 -9
9;

e
o [Max even #: -2

IndexError and enumerate()

A commion error is to try to access a list with an index that is out of the list's index range, e.g, to try to access my.list[8] when my_list's valid
indices are 0-7. Accessing an index that is out of range causes the program to automatically abort execution and generate an IndexError.
Ex: For a list my_list containing 8 elements, the statementmy 1ist[10] = 42 produces output similar to:

Traceback (most recent call lasz):
File r<atdin»", line 1, in <module>
dextrror: list assign index out of ranoe

The bult-in @numerate() Cunction Herates over a kst and

Prw?.!es an terahion counter

Table 11.3.17: Built-in functions supporting list objects.

print(all([i, 2, 31))
print{all((6, L, 2]))

all(list) | Trueif every element in list is True (1= 0), or if the list is'empty.

print(any ([0, 21)) True

any(list) | True if any element in the list is True. print{any (10, 01))

max{list) | Get the maximum element in the list. print(max([-3, 5, 25]))

Eal,
min{list) | Get the minimum element in the list. print (min((-3, 5, 251))
=)

sum(list) Get the sum of all elements in the list. print(sum([-3, 5, 251)) |27




An em\:elé.‘ng of a list inside another list is Known as st

nesth S
First nested List; (10, 20)
Sacond pested list: (30, 43]
Element 0 af first nested list: 10

To occess +he
elements of o nested list: ms-lis\>[°][°]

my_list[0] my_list[1] my_list[2]
tha® b ety far} prevy £y
my_list{o][0] ="' my_list[1][0] = =" my_list[2][0] ="=*
my_listfo][1] ="&" my_list{1]{1] ="' my_list[2)[1] ="£"

The elements of each nested list can be accessed using two indexing operations.

List nes-\%ns allows for a
programmer +o olso create
o multi-dimensional data
Steuctuce, the cinplest
Beﬁns a two-dimensional
table, ke o sfmésked—

X0 x
X

ocoxX

The level of nested lists is arb:l'rar:j. A
pregrammer m-‘a\n-t cceate a three-dimensional list

A programmer con access ol of the elements of nestel
\ists 13 u.s?ns nested for \oefs
1.00 5.00 10.0
075 377 753
0.65 3.25 6.50

| S




Figure 11.5.4: Iterating through multi-dimensional lists using enumerate().

currencyf0]l (0] is 1.00
currencyf0] [1] is 5.00
enrrency(0][2] is 10.00
currency{i][0] is 0.75
curzency{l] 1] is 3.77
currency[L] [2] is 7.53
currencyf2] [0] is 0.5
currencyi2i 1] is 3.25
currency{2] [2] is 6.50

A proqfammer can use slice notatron o el m-;l-hrle elements
from a \ist, 6(‘044-?«\3 a new list that contoins °“\3 the
desiced elements

Zlements O and 1: ['Tyler', ‘zdeno'l
Elements 1 and 2: ['zdenc!, ‘Patrica’]

Figure 11.6.2: List slicing: Using negative indices.

11982, 1336, 2000, 20041
1852, 19%6] :
{2000, 2084}

An optional component of skice notation is the (Shride), whikh
indicates how mony elements ace siipped between extracted
items in the source lish

my-list0:5:3] has a skide of 2, thus skipping every
Sther  element

Table 11.6.1: Sorne common list slicing operations.

my_list = {5, 10, 20]

my_listfstartend] Get a list fiom start 10 end (minus 1). it a0

% .- .1 Getalist of every stride element from startto | my_list = [5, 10, 20, 40, 80]
Ryieleiss aad e end (minus 1). print (my 1ist[0:5:3])
my_listlstart] Get a st from start to end of the list. At s 22l iR e

print(my list[2:])

Get alist from beginning of list to end (minus | my_list = [S, 10, 20, 40, 80]

: . 10, 20, 40

my_listiend] 1), peEat Gy LAt tAk)| 15, 10, 20, 40}

T . 5 my list = [5, 10, 20, 40, 801 |(is, 10; 20; <o,
mylistf] Get a copy of the list. et L




Changing elements' values

The below example of changing element's values combines the len() and range() functions to iterate over a list and increment each element
of the list by 5.

Figure 11.7,1: Modifying a list during iteration example.

Figure 11.7.2: Modifying a list during iteration example: Converting negative values to 0.

Correct way to modify the list. Incorrect way: list not modified.

Chang negative values to 0O
for pos in range (l=2n(nums)):
if nums[pos] < 0:

# Change negative values To U
for num in nums:
if num < O:

Enter rumbers:S 67 -5 -4 5 & £ 4 Enter numbers:5 &7 -5 —4 5 & 6 4|
g & a:' 5

New numbers: New numbers:
5670056648 5 67 -5 -85 664

The program on the right illustrates a common logic error. A common error when modifying a list during iteration is to update the loop
variable instead of the list object. The statement num = 0 simply binds the name num to the integer literal value 0. The reference in the list
is never changed.

In contrast, the program on the left correctly uses an index operation nums [pos] = € 10 modify to 0 the reference held by the list in
position pos. The below activities demonstrate further; note that only the second program changes the list's values.



Changing list size
A common error is to add or remove a list element while iterating over that list. Such list modification can lead to unexpected behavior if the

programmer is not careful. Ex: Consider the follewing program that reads in two sets of numbers and attempts to find numbers in the first
set that are not in the second set.

Figure 11.7.3: Modifying lists while iterating: Incorrect program.

|enter rirsr set or nuapers:s 10 15 20
0 5

1: 10

2: 15

o
Enter second set of numbars:ls 20 25 30
0 15
1: 20
2: 25
3: 30

Delsting 15

Numbers only in Tirst ser: 5 10 20

The above example iterates over the list nums1, deleting an element from the list if the element is also found in the list nums2. The
programmer expected a certain result, namely that after removing an element from the list, the next iteration of the loop would reference
the next element as normal. However, removing the element shifts the position of each following element in the list to the left by one. In the
example above, removing 15 from nums1 shifts the value 20 left into position 2. The loop, having just iterated over position 2 and removing
15, moves to the next position and finds the end of the list, thus never evaluating the final value 20,

Figure 11.7.4: Copy a list using [].




© Lisk Comprebensions

A ?(‘oﬂ(‘amme( common\: won‘\s {o m«l;‘s evefu element of a
kst in’ the Seme way, Such as adding lo +o every element.
A list comrmkension +ecates over a list, moA:-Fa. eoch
clement, and retucns o new list consisting of +€< modified
elements

Alist comprehension has three components:

1. An expression component to evaluate for each element in the iterable object.
2. A loop variable component to bind to the current iteration element.
3. An iterable object component to iterate over (list, string, tuple, enumerate, etc).

A list comprehension is always surrounded by brackets, which is a helpful reminder that the comprehension builds and returns a new list
object. The loop variable and iterable object components make up a narmal for loop expression, The for loop iterates through the iterable
object as normal, and the expression operates on the loop variable in each iteration. The result is a new list containing the values modified
by the expression. The below program demonstrates a simple list comprehension that increments each value in a list by 5.

Figure 11.8.1: List comprehension example: A first lock.

[Bew 1155 contasns: 115, 25, 351)

Table 11.8.1: List comprehensions can replace some for loops.

Add 10 to every

-y [15, 30, 60]

Convert every
2 | elementioa
string.

[*5Y,. 1207, '50"]

Convert uger
3 | inputintoa list of
integers.

Enter numbers: 7 9 3
[7:; % 31

Find the sum of
eachrowina
two-dimensional
list.

(30, 21, 100)

Find the sum of
the row with the
5 | smallest sumina
two-dimensional
table,




Conditional list comprehensions
A list comprehension can be extended with an optional conditional clause that causes the statement to return a list with only certain
elements.

Construct 11.8.2: Conditional list comprehensions.

Need help? Feedback?

Using the above syntax will only add an element to the resulting list if the condition evaluates to True. The following program demonstrates
list comprehension with a conditional clause that returns a list with only even numbers:

Figure 11.8.2: Conditional list comprehension example: Return a list of even numbers.

‘Enter numbers: 5 52 16 7 25
Even nusbers only: [52; 16]

Eaver numbezs: B 12 -14 9 0
Even numbsrs only: [8, 12, =14, 0]

my_list_minus10:

One of the most useful list
metheds s Soct(), s«-\w‘ns +he
elements €rom lowest +o
highest

my liac

[-37, 0, 47, 150, 3001

X.Sock(reverse = True)
Se(‘hns also Supporks ‘he  ceverse arsumen'\'



The sort() method performs element-by-element comparison to determine the final ordering. Numeric type elements like int and float have
their values directly compared to determine relative ordering, ie., 5 is less than 10.

The below program illustrates the basic usage of the list sort() method, reading book titles into a list and sorting the list alphabetically.

Figure 11.9.1: list.sort() method example: Alphabetically sorting book titles.

Bnter mew book: Pride, Prejudice, and Zembies
Enter vew Deak: Programming in Python

Enter new book: Hackers and Painters

Enter new beok: World War %

Enter mew book: exit

Alphabetical order:

Hackers and Baintars

Pride, Frejudice, and Zombies
Programming in Python

World War Z

T\\e Socted () bwilt-in function Pt‘av-]ks He same Sor\»}vg
Cunctionality as 4he list.sack() ‘methed, however i+ coeotes
ond relucns a new list \astead of modi€ying an ex.‘sﬁnﬂ list

Figure 11.9.2: Using sorted() to create a new sorted list from an existing list without medifying the
existing list.

Entar numbers; -5 § -100 23 4 5
original numbers: [-5, 5, -100, 23, 4, 51
‘Sorted numbers: [-100, -5, 4, 5, 5, 23]

Both Ahe list.sort() methed and the built-in socted ()
Lunchon hove an ofk‘one\ kg ataumen\—. The ikey srei.ﬁes a
functon +o be afrlﬁeJ to each element Pr:o( +o he}f:g
6amfore.l

Figure 11.9.4: The key argument to list.sort() or sorted() can be assigned any function.

(sorsed 1ist: Li10, 151, 1250, 015, 25, 3511]




|Enter name: Serena Williams

Enter pame: Venus Williams

Enter name: rafael Nadal

Enter name: john McEnroe

Enter name: exit

Sorting without key: ['Sersna Williams', 'Venus Williams', ‘john McEnroe', ‘rafael Nadal']
Sorting with key: ['john McEnrce', ‘'rafael Nadal', 'Serena Williams', 'Venus Williams'l]

Command -\ine omguments oce Values entered \::3 a user
whea mm\icu a Prodram £om a command \in€

The contents of 4his commend line are awtomatically stored
n the bist (s .a(gv, which s stoced in +he shm!a(j'
Ii\:mg SJS module.

SyS.acqv consists of one sklng element {oc each acqument
'\':?,i) Jon -Hne wmmmJ \:ne 3 = 3

Lisor jax1 i sxoeed In sysany list

Figure 11.10.1: Simple use of command line arguments.

> python myprog.py Tricia 12
‘Hello Tricia.
12 is a great age.

> python myprog.py Aisha 30
Hello Aisha.
30 is a great ags.

> python myprog.py Franco
Traceback (most racent call last):
File "myprog.py", line 4, in <modulss
age = sys.argvizl
‘IndexError: list index out of range




While a program may expect the user to enter certain command-line arguments, there is no guarantee that the user will do so. A common
error is to access efements within argy without first checking the length of argv to ensure that the user entered enough arguments, resulting in
an IndexError being generated. In the last example above, the user did not enter the age argument, resufting in an IndexError when
accessing argv. Conversely, if a user entered too many arguments, extra arguments will be ignored. Above, if the user typed

python myprog.py Alan 70 pizza, 'pizza’ will be stored in argv(3] but will never be used by the program,

Thus, when a program uses command-line arguments, a good practice Is to always check the length of argy at the beginning of the program
to ensure that the user entered the carrect number of arguments. The following program uses the statement if len(sys.argv) != 3to
check for the correct number of arguments, the three arguments being the program, name, and age. If the number of arguments is
incorrect, the program prints an efror message, referred to as a usage message, that provides the user with an example of the correct
command-ine argument format. A good practice is to always output a usage message when the user enters incorrect command-line
arguments.

Figure 11.10.2: Checking for proper number of command-line arguments,

> python myprog.exe Tricia 12
Hello Tricia. 12 is a great age.

> python myprog.py Franco
Usage: python myprog.py nams age

> python myprog.py Alan 70 pizza
Usaga: python myprog.py name age

~ Dickonactes
The dick ‘|‘3f€ imf\emen\‘s a dickionacy in Python

There are several approaches to create a dict;

« The first approach wraps braces { } around key-value pairs of literals and/or variables: { *Jose': 'A+', 'Gino': 'C-'} creates
a dictionary with two keys 'Jose' and 'Gino' that are associated with the grades ‘A+ and 'C-, respectively.
« The second approach uses dictionary comprehension, which evaluates a loop to create a new dictionary, similar to how list
comprehension creates a new list. Dictionary comprehension is out of scope for this material.
« Other-approaches use the diet() built-in function, using either keyword arguments to specify the key-value pairs or by specifying a list
of tuple-pairs. The following creates equivalent dictionaries:
o dict(Bobby='"805-555-2232', Johnny="951-555-0055)
o dict([(Bobby', '805-555-2232)), (Johnny', '951-555-0055')])

my_dict[key] Indexing operation — retrieves the value associated with key. jose grade = my dict['Jose’]

:g;:lchey} = ::::; an entry if the entry does not exist, else madifies the existing iy, HEcE Lt gda"] = e
del my_dictlkey] Deletes the key from a dict. del my dict['Jose']

key in my_dict Tests for existence of key in my_dict. if 'Jose' in my dict: # ....




A J\c\w\ methed s o finchion vaié&l by the dickionacy
+3|>e (Aw-\-\ 'H\a"' orera'\'e.s oNn & srec.-foc Jt&"oomg o\a«-\-

: my dict = ('Bhmad': 1, 'Jane': 42}
my_dict.clear() Ss:;)::s SRR my_dict.clear() ]
e print (my dict)
gfxgeﬁﬁ::fm;gﬁﬁige my dict = {'Bhmad': 1, 'Jane': 42}
my._dictget(key, default) | o dicsx(%onary t::n'retums. print (my dict.get("Jane', 'N/A'))
default il i print(my dict.get('Chad', 'N/A")) |-
Merges dictionary my_dict1 with
another dictionary my_dict2. my dict = {'Ahmad': 1, 'Jane': 42} | o o
my_dict1.update(my_dict2) | Existing entries in my_dict1 are my dict.update({'John': 50}) :Jane: ::
overwritten if the same keys exist | print(my dict) il
in my_dict2..
Removes and returns the key value | my_dict = {'Ahmad®: 1, 'Jane': 42}
my.dict.pop(key, default) | from the dictionary. If key does not | val = my_dict.pop('Ahmad')
exist, then default is returned. print (my dict)

— na
TAH CVG
na na
HOU na
LAX VG

AUS




A hash is a tmnsfeemation of 4he key into o unique value
thet allows 4he iater FN'\'G( to ‘)efcorm VﬁB fast \ookuf

The dict type also supports the useful methods items(), keys(), and values() methods, which produce a view object. A view object provides
read-only access to dictionary keys and values. A program can iterate over a view object to access one key-value pair, one key, or one value
-at atime, depending on the method used. A view object reflects any updates made to a dictionary, even if the dictionary is altered after the

view object is created.
o dictitems() - returns a view object that yields (key, value) tuples.

o dictkeys() — returns a view object that yields dictionary keys.
« dictvalues() — returns a view object that yields dictionary values.

dict.items()

Coke: S0
Coke_2ero: O
‘Papsi: sd

dict.keys() dict.values()

[coxe 20
Coke_zess a
Pap=1 84

When a program iterates over a view object, one result is g d for each i ion as needed, i dof g ing an entire list

containing all of the keys or values, Such behavior allows the interpreter to save memory. Since results are generated as needed, view
objects do not suppart indexing. A statement such as my_dict.keys()[0] produces an error. Instead, a valld approach is to use the list{) buiit-
in function to convert a view object into a list, and then perform the necessary operations. The example below converts a dictionary view
into a list, so that the list can be sorted to find the first two closest planets to Earth.

Figure 11.14.2: Use list() to convert view objects into lists.

Closest planes is 1.16d0=408
Second closest planet i3
2.12708+08




A dichonan moy contaln one of more nested dictionaces,
which Hhe Ak“s‘onag contalns another ch\ionog as a Valu€

aqoses .
Grade: A+
| ¢ 22322

The variable students is first created as an empty dictionary. An indexing operation creates a new entry in students with the key 'Jose' and
the value of another dictionary. Indexing operations can be applied to the nested dictionary by using consecutive sets of brackets [|: The
expression students [ 'Jose'] ['Grade'] first obtains the value of the key 'Jose' from students, yielding the nested dictionary. The
second set of brackets indexes into the nested dictionary, retrieving the value of the key ‘Grade’,

Nested dictonacies also serve as a Simple but ?ower(u\ dota
shruchuce. Data steuctuc@ s a method of oraaniz:nj data in a
|oaiu| and coherent fashion

Final percentage: 82.0%




Note the whitespace and indentation used to layout the nested dictionaries. Such layout improves the readability of the code and makes the
hierarchy of the data structure obvious. The extra whitespace does not affect the dict elements, as the interpreter ignores indentation ina
multi-line construct.

A benefit of using nested dictionaries is that the code tends to be more readable, especizally if the keys are a category like ‘Homeworks'.
Alternatives like nested lists tend to require more code, consisting of more loops constructs and variables.

Dictianaries support arbitrary levels of nesting; Ex: The expression students|'Jose'] [ 'Homeworks '] [2] ['Grade'] might be
applied to a dictionary that has four levels of nesting.

EX6€|‘>‘|'ioﬂ$

© MHandling Excephions using Try and Except

Erro(—c\-\eckM coée 'S cer ‘“\a‘\' [ rosramme(
ntroduces 3 detect and handle errors™ thet Moy occuc
while the progrom executes

Psﬂ\on \nas S ial constcucts Known as excef'\-kn'\\onlhn
consteucts becauvse they hand\e ener’ﬁoml ctcumstances
(ecrors Aun‘ns execution)

Figure 12.1.1: BMI example without exception handling.

Enter weight (in pounds): 130
Enter height (in inches): 66
BMI: 24.207988980718235
(Coc: 1B.8-24.% normal)

Enter any key ('g' to.guit): a
EZnter weight (in pounds): One-hundred fifty
Traceback (most recent call last):
File “test.py", line 3, in <module>
weight = int(input("Enter weight (in pounds): "))
ValueError: invalid literal for int() with base 10: ‘One-hundred
firey




Code that potentiall May FroAuce an exception is fw "
a {1‘3 block. T€ the code in the 4oy block  causes an
excephion, then the code placed in o following Except
block is executed

Figure 12.1.2: BMI example with exception handling using try/except.

‘Encer weight (in pounds): 150
Enter height (in inches): €&
BMI: 24.207988080716255
(cpc: 18.6-24.9 normal)

Enter any ksy ('q' o gquit): a .
‘Enter weight (in pounds): One-hundred fifty
'Could not caiculaze health info.

‘Enter any key ('q' fo quit): a
Enter weight (in pounds): 200
Enter height (in inches): 62
BMI: 36.57648283038502

(CDC: 18.6-24.% normal)

Enter any key ('q’ o guit): g

The try ond excef‘\' consiructs are wsed -\eje\'\\er o
imf\emen+ ex¢eption WL‘:\J, meaning \\M\A\in\g excerkona|

conditions (Crror,s Jun‘na execution)

Construct 12.1.1: Basic exception handling constructs,

Table 12.1.1: Common exception types, Input
m =] T :

—" J’J ":— —— I —— u
EOFError input() hits an end-of-file condition (EOF) without reading any input 6
KeyEtror A dictionary key is not found in the set of keys i

il
ZeroDivisionError. | Divide by zero error q
ValueError Invalid value (Ex: Input mismatch)
IndexError Index out of bounds

_ )



Mu\h‘fle chef'hm hondlecs can be added +o a tey block \»3
-&e sPec.T:c

Guins additional ex:eflf blocks and speci ‘g
type of excephion thot each except block andles

Ic no e:lcef'\'\‘m\ hond\er e th iandle oth sece
exists foc_an_émoc dype,

Hhen on unhendled  exeeption may oceut. An unhondled
exception causes the interpceter to rr.‘n’r the exception +hat
occuced and then halt

Figure 12.2.1: BMI example with multiple exception types.

Enter weight (in peunds): 150

'Enter height (in inches): &6

BMI: 24.207988880716255

(cpc: 18,6-24.9 normal)

Enter any key ('q’ to quiviza
‘Enter weight (in pounds): One-hundred fifry
Could not calculate health info.

except ValueError: ' ‘ ; Enter any key ("a’ to quit): a

nt (' Could alcy ? Enter weight {in pounds): 150
2xcept ZeroDivisionError: Enter height (in inches): 0

Invalid height entered. Must be > O.
Enter any kay ('q' to quit): g :

A tuple con Ve used Yo specify all of the excephion es
foc 3\\.;\\ a handlec’s code Ps"\oﬂ(! be exew+eJ‘e? top

Figure 12.2.2: Multiple exception types in a single exception handler.




Figure 12.3.1: BMI example with error-checking code but without using exception-handling constructs.

if wegl__:_t_:_ < 0:

print('Invalid weight.")

print ('Invalid height')

The ‘Fe\\ow.‘ﬂs progrom shows +he Ssame erro -6\'\e&\<3r3. Code

that executes an erroc can execte a

$+a+cmen'\;

which causes immediate exit from the try blodk and +he
exeaton of an exaefr\\‘on hand\ec

Figure 12.3.2: BMI example with error-checking code that raises exceptions:

ralse ValueError('Inwalid welght.')

raise ValueErxor('Invalid h=lght.')

nver Melght (in pounda): 166
(Enter haighs (in inchas): SS
a1 10,57735123866842

{CDC: 18.E-24.9 normaly

Enter any key ('3’ vo quit): s
Enter weight (in pounda): 3EC
Enter height {in inches)is -5
Ceuld nes calculate health info.

Enter any key ('q° to quiz): 2
Enter “!l# {4n pounda): -2

Invaiid waighe.
Sould nov caloulate Bealth dnfo,

Enter any key {'g' o quis): g

Tke . K@sVo(‘A

inds a name to the
exception \oeh’g

handled - cceates a
new wvanable that
might .‘Mped o
Ae‘-ﬂa(\.s obout the
excef\»:on instance



Figure 12.4.7: BMI example using exception-handling constructs along with functions.

Enter weight (in pounds): 150
Enter height (in inches): 66
BMI: 24.207938980716255

(CDC: 18.6-24.9 normal)

Enter any key ('q' to guit): a
Enter weight (in pounds): -1
Invalid weight. ‘
Could not calculate health info.

(Enter any key ('gq' to quir): a
Enter weight (in pounds): 150
Enter li'g‘eiqht:~ (in inches): -1
Invalid height.

Could not »cg;.aul;qt;e ‘health info.

Bater any key ('q' to guit): g

The power of exceptions becomes even more clear when used within functions. If an exception is raised within a function and is not
handled within that function, then the function is immediately exited and the calling function is checked for a handler, and so an up the
function call hierarchy. The following program illustrates. Note the clarity of the normal code, which obviously “gets the weight, gets the
height, and prints the BMI" — the error checking code does not obscure the narmal code.

Suppose get_weight() raises an exception of type ValueError. The get_weight() function does not handle exceptions (there is no try block in
the function) so it immediately exits. Geing up the function call hierarchy returns execution to the global scope script code, where the call to
get_weight() was in a try block, so the exception handler for ValueError is executed.

Notice the clarity of the script's code. Without exceptions, the get_weight() function would have had to somehow indicate failure, perhaps
through a special return value like -1, The script would have had to check for such failure and would have required additional if-else
statements, obscuring the functionality of the code.

- Using Finally +o Clean o

The (—3«\«\\3 clause of a "‘3 statemént allows o plogrammec
Yo sPeci{S dean-ap actions thet ace a\wass execute.



The finally clause is always the last code executed before the try block finishes.

« If no exception occurs, then execution continues in the finally clause, and then proceeds with the rest of the program.

« If a handled exception occurs, then an exception handler executes and then the finally clause.

s If an unhandled exception occurs, then the finally clause executes and then the exception is re-raised.
« The finally clause also executes if any break, continue, or return statement causes the try block to be exited.

The finally clause can be combined with exception handlers, provided that the finally clause comes last. The following program attempts to
read integers from a file. The finally clause is always executed, even if some exception occurs when reading the data (such as if the file

contains letters, thus causing int() to raise an exception, or if the file does not exist).

Figure 12.5.1: Clean-up actions using finally.

Enter file name: myfile.txt
opening myfils,txt

Clesing myfile.txt

Kumbers found: 5 423 234

E:'\tcx file name: myfile.txt
opening myrile.txt

Closing myfile,txt
Numbers found:

opening invelidfile.txt

Closing invalidfile.txt
Numbers found:

Could not read number from myfile.txt

Enter file mame: invalidfile.txt
Ceuld not fing invalidrile.tx:

When raising an exception, a programmer ¢an use the existing built-in exception types, For example, if an exception should be raised when
the value of my_numis less than 0, the programmer might use a ValueError, asin raise ValusError("my_num < 0").Alternatively, a
custom exception type can be defined and then raised, The following example shows how a custom exception type LessThanZeroError

might be used.

Figure 12.6.1: Custom exception types.

Enter number: -100
Traceback {most recent call last):
Fils “test.py”, line 11, in <moduls>

raise LessTnanZercError('my num must be greater than

A programmer creates a custom exception type by creating a class that inherits from the built-in Exception class. The new class can
contain a constructor, as shown above, that may accept an argument to be saved as an attribute. Alteratively, the class could have no
constructor (and a "pass” statement might be used, since a class definition requires at least one statement). A custom exception class is
typically kept bare, adding a minimal amount of functionality to keep track of information that an exception handler might need. Inheritance

is discussed in detait elsewhere.

Good practice is to include "Error” at the end of a custom exception type's name, as in LessThanZeroError or MyError. Custom exception types
are useful to rack and handle the unique exceptions that might occur in a program's code. Many larger third-party and Python standard

library modules use custom exception types.




MoAu\e.s

Scf:F‘\' Psﬂ\on code writen in a file Hhat s fass&l as
;t\fu" Yo +the in’rec?(!’-\-er

Module - (e aon'\vit\hls P‘\,“\on cde thet con be ;mfb(‘\'GA
and wused l"_\] .sa:r‘ks, other modules, o the interactive
‘.n’ce(PreHr

To im?or-\' a module means Yo execute the code contoined
by the module, and make the definitions within thet
modwe available {or wse by the \nm?or{':ns program

script1.py script2.py

The functions can instead be defined in another file. The file can be imported as 3 'medule’.

Captions A

1. A programmer writes scripts containing functions and code using those functions. Multiple scripts might define the same
functions.

2. The functions can instead be defined in another file. The file can be imported as a 'module’

A module’s filename should end with *.py"; otherwise, the interpreter will not be able to import the medule. The module_name item should
match the filename of the module, but without the .py extension. Ex: If a programmer wants to import a module whaose filename is
HTTPServer py, the import statement import HTTPServer would be used. Note that import statements are case-sensitive; thus,
import ABC s distinct from import aBe.

The interpreter must also be able to find the madule to impart. The simplest solution is to keep modules in the same directory as the

executing script; however, the interpreter can also search the computer's file system for the modules. Later material covers these search
mechanisms.

Good practice is to place import statements at the top of a file. There are few useful instances of placing import statements in any location
other than the top. The benefit of placing import statements at the top is that a reader of the program can quickly identify the modules
required for the program to run. A module being required by another program is often called a dependency.



Evaluating an import statement initiates the following process to load the module:

1. A check is conducted to determine whether the module has already been imported. If already imported, then the loaded module is

used.
2. If not already imported, a new module object is created and inserted in sys.modules,
3. The code in the module is executed in the new module object's namespace.

A Aic-\.‘ot\ors of the loaded modules is stored in .sy«:&\es

A module ooy 1$ simply o names Hhet contalns
deCinibions € the .f, vle pecs

Once a module has been imported, the program can aceess the definitions of a module using attribute reference operations, e.g.,
my ip = HTITPServer.address sets my_ip to address defined in HTTPServer.py. The definitions can also be overwritten, e.g.,
HTTEServer.address = "www.yahoo.com" binds address in HTTPServer to 'www.yahoo.com'. Note that such changes are
temporary and restricted to the current executing Python instance. Ending the program and then re-importing the module would reload the

original value of HTTPServer.address.

Figure 13.1.2: Using factorial from my_funes.py.

Figure 13.1.1: Contents of my_funcs py.

Bazer pumbex: ©
32343 =120

Enter numpex: 3
PR S N ¢

PO festoy | secondpy | | main.py secondpy |

I main.py m second.py

45

A bulk-in module s o module that comes Pr@—:ns‘-u“eé with
Pythen, examples include  sys, time, and math




A List of direckocies are contoined by (Gysipath

The sys.path variable initially contains the following directories:

1. The directory of the executing script.
2. Alist of directories specified by the environment variable PYTHONPATH.
3. The directory where Python is installed.

For simple programs, a module might simply be placed in the same directory. Larger projects might contain tens or hundreds of modules or
use third-party modules located in different directories. In such cases, a programmer might set the environment variable PYTHONPATH in
the operating system. An operating system environment variable is much like a variable in a Python script, except that an environment
variable is stored by the computer's aperating system and can be accessed by every program running on the computer. In Windows, a user
can set the value of PYTHONPATH permanently through the control panel, or temporarily on a single instance of a command terminal
(cmd.exe) using the command set PYTHONPATH="c:\dirl;c:\other\directory".

- Imporking Specfic Nomes from o Module

A peogrammer_can .srecoT names +o 3mror-|— from a medule ‘o_\_‘
using the Hrom’ eyword in an import stotement

The program below impacts names fcom Yhe \\u\\\kp module,
a Pd-\\\on Standocd \bracy module thet contains a number
of algorithms €or creating a secwre hash «f o text
me”ase

| Bnter text o hash ('g' to guit): Whether 'tis nobler din the mind to suffer...
Enter algoritnm (md5/snalj: mds
Hash value: 332d€0a4152 3

Entar text to hash ('q’ to guit): ...the slings and arrows of oltrageocus fortuns, ...
Enter algorithm (mdS/shall: shal
Hash value: 7001379743d2dE91C1bDECTB1142a2231721910

Bnter text to hesh ('g' to guit): @

The hashliib library requires argument strings to md5 and sha be encoded; above, we encode the text using UTF-8 before passing to
one of the hashing algorithms.



All names from a module can be imported directly by using a ™" character, as in the statement from ETTPServer import * A
common error is to use the import * syntax in modules and scripts, which makes identification of dependencies and the origins of variables
difficult for a reader of the code to understand. Good practice is to limit the use of import * syntax to interactive interpreter sessions.

Table 13.3.1: 'import module' vs. 'from module import names'.

Imp“‘ort an entire module import HTTPServer print (HITPServer.address)

Import specific name froma module from HTTPServer import address | print(address)

Animport statement executes the code contained within the imported module: Thus, any statements in the global scope of a module, like
printing or getting user input, will be executed when that module is imported. Execution of those statements may be an unintended side
effect of the import. Commonly a programmer wants 10 treat a Python file as both & seript executed by the interpreter and as an importable
maodule. When used as an impartable module, the file should not produce side effects when imported.

Ex: Consider the following Python file web_search py, which contains functions for performing searches that “scrape’ the resuits from a
fictional web search engine, like Yahoo or Google. Executing the file as a script produces the following output:

Figure 13.4.1: web_search.py. Get the 1st page of results for a web search.

Enter search terms: Funny pictures of cats
Eound 7 links:
rml‘ lcats
‘icannas.cheezburger. con/
. TUNnyCaTpix. com/
i) loleats,com/

3 mg-lmvu/
https:/ fon. £
picas2 masszntsu;

o

Enter uneh tems: Videos of laughing babiss
Eound ¢ links:
M oumm doﬂnr.cuvv-nssm e
m teday, com/ . ./luuuhinrhaby-vmeo-\uu-wive-
you-giggles-£2252:

nni:pacaasl urses.net/vides/baby_lawghing




if another script imports web_search.py ta use the search() function, the statements at the bottom of web_search.py will also execute. The
domain_freq.py file below tracks the frequency of specific domains in search results; however, importing web_search.py causes a search
and listing of each site to unintentionally occur, because that search is called at the global scope of web_search.py.

Figure 13.4.2: domain_freq.py: Importing web_search causes unintended search to occur.

import web search # Causes unintended search

Enter search terms: Music Videos

Found § links:
http:/ fwww.mtv. con/music/videos/
hrtp://music.yahoo.com/videcs/
nrtp://ww . vhl.com/video/
http://feww.vevo.con/videos
nrtp://en.wikipedia. org/wikl/Music 1 wvidas
htto:/ Seww.music. com/ v
hTtps /.y .com/watche 3Eve3Dsy
https/ Lawn. bet. com/music/music-videos  neml
https /Im dzilymotion.com/us/channel/music

Enter gearch terms (* q' to quit): Britney Spaars
Enter search terms ('q' to quit): Michael Jackson
Enter search Terms ('q' Lo quit):

‘Number of search results for each site:
http://www.people.com: 1
-hrtp://www.brizneyspears.com: 1
hetp: //www . imdb.com: 1
nutp://www.michaeliackson.com: 1
https://twitter.com: 1
http:/ (wew, youtube, com:’ -
http://perezhilton.c
hrtp://en.wikipedia ¥
nrep://www.tmz.com: 2

http:/ fwww.mey.com: 2
nttp://www.blography.com: 1
https:/fwww. Eacebook.com: 1

A file can better support execution as both a script and-an importable module by utilizing the __name__ special name. _name__ is a global
string variable automatically added to every module that contains the name of the module. Ex: my_funcs._name__ would have the value
"my_funcs”, and web_search._name__ would have the value "web_search’. (Note that _name__ has two underscores before name and two
underscores after.) However, the value of __name__ for the executing script is always set to "_main__" to differentiate the script from
imported modules. The following comparisan can be performed:

Ifif _name == "_main__ "istrue, thenthe file is being executed as a script and the branch is taken. Otherwise, the file was
imported and thus _name__is equal to the module name, e.g., ‘web_search'".

The contents of the branch typically include a user interface to functions or class definitions within the file. A user can execute the fileas a
script and interact with the user interface, or another script can import the file just to use the definitions. The web_search.py file is modified
below to fix the unintentional search.




Figure 13.4.4: web_search.py modified to run as either script or module.

Each Tile below is executed as g script.

domain_freq.py web_search.py

‘Enter search terms ('g’' to guit): Britney Spears | Enter search terms: Music videos
Enter search terms ('Qg' To guit): Michael Jacksen
Enter search terms ('y' to quit): g

Number of search results for each sice:
ntTp://www.people.com: 1
hoop:/ fwww. britneyspears.com: 1
http://www. imdb.com: 1
horp:/ /www.michaeljackson.com: 1
‘ht.tp"il/twitte:.=nn 1 2 { S m ceﬂlmiii'c/mzmi&es html
WWN JOUTUDE ., com: 3 neeps/ /www. dailymotion. com/us/ ch /music

tTp .bmq:abhy com: 1
hetps: /fm facebook.cam: 1

Sometimes a Python program imports a module, but then the source code of the imported module needs to be changed. Since modules
are executed only once when imported, changing the module’s source does not affect the running Python instance. Instead of restarting the
entire Python program, the reload() function can be used to reload and re-execute the changed module. The reload() function is located in
the importlib standard library module.

Figure 13.5.1: send_gmail py: Sends a single email through gmail.

Executing send_gmail py a8 & script sends the message:

To: billgacasdmicrosols.qom
Fron: JohnnyaHotDogsligwail.cen
Subject: A coupen for you!

Hello. This is an suzomated email.

Enjoyl




Figure 13.5.2: send_coupons.py: Automates emails to loyal customers.

fr imttlib import reload
import send gmai

send gmail.ssnd(subjsct, addr, my email, text)

reload aend = .
( _gm )

If thousands of emails are being sent, the program should not be stopped because rerunning the program could cause duplicate emails to
be sent to some users, and Johnny's HotDogs might annoy their customers. If Johnny wants ta change the content of the header string in
the send_gmail module without stopping the program, then the variable's value in send_gmail.py's source code can be updated and
reloaded, ’

When send_coupons.py imports send_gmail, a global variable mod_time stores the time when send_gmail.py was last modified, using the
os.path.getmtime() function, The __file__ special name contains the path to @ module in the computer file system, e.g., the value of
send_gmail __file__ might be "C:\\Users\\Johnny\\send_gmail py". A comparison is made to the original modification time at the end of the
for loop — if the modification time is greater than the original, then the module’s source code has been updated and the module should be
reloaded.

Medifying the header string in send_gmail.py to "This is an important message from Johnny" while the program is running causes the
module to be reloaded, which alters the contents of the emails.

Figure 13.5.4: Reloading modules doesn't affect attributes imported using 'from'.

‘Original value of header: Hello. This is an automated email.
(---- send gmail.py edited ----)
Reloading send gmail.

‘header: Hello. This is an automated email.
send_gmail.header: Helle from Johnny's Hotdogs!




The reload function reloads a module in-place. When reload(send_gmail) returns, the namespace of the send_gmail module will contain
updated definitions. The call to send_gmail.send() still accesses the same send_gmail module object, but the definition of send() will have
been updated.

Importing attributes directly using "from”, and then reloading the corresponding module, will not update the imported attributes.

A S a 430&'\’9‘3 het, when 'm '\'GA, WesS acclss 4o
all io(: ge modules sStoced in e J:ref:;os ]

The draw_scene.py script can import the ASCIIArt package using the following statement:

Figure 13.6.2: Importing the ASCIIArt package.

Need help? Feedback?

Specific modules or subpackages can be imported individually by specifying the path to the item, using periods in the import name.
References to names within the imported module require that the entire path is specified.

Figure 13.6.3: Importing the canvas module.

Need help? Feedback?

The from technique of importing also works with packages, allowing individual modules or subpackages to be directly imported into the
global namespace. A benefit of this method is that higher level package names need not be specified.

Figure 13.6.4: Import cow module from figures subpackage.

Need help? Feedback?

Even individual names from a module can be imported, making that name directly available.

Figure 13.6.5: Import the draw function from the cow module.




The 'game’ package contains subpackages 'sound' and ‘graphics’.

Captions A

1. Packages, such as ‘'sound), contain subpackages, such as ‘music’ and ‘effects’. Once subpackages ars imperted, modules and
definitions in the subpackages are reached via dot notation.
2 The 'game’ package contains subpackages ‘sound’ and ‘graphics’

To import a package, a programmer writes an import statement and gives the name of the directory where the package is located, To
indicate that a directory is a package, the directory must include a file called __init__py. The _init_py file often is empty, but may include

import statements that import subpackages or modules. The interpreter searches for the package in the directories listed in sys.path.

Figure 13.6.1: Directory structure.

draw_scene.py Script that imperts RSCIIArt package
ASCIIArt) Top-level package
__init_ .py
canvas.py
figures\ Subpackage for figures art
_iniz__.py
man.py
cow.py
buildings) Subpackage for buildings art
__init .py
barn.py
house.py

When using syntax such as "import y.z", the last item z must be a package, a module, or a subpackage. In contrast, when using "from x.y
import 2', the last item z can also be a name from y, such as a function, class, or global variable.

Using packages helps to avoid module name collisions. For example, consider if another package called 3DGraphics also contained a
module called canvas.py. Though both modules share a hame, they are differentiated by the package that contains them, i.e,,
ASCIIArt.canvas is different from 3DGraphics.canvas. A programmer should take care when using the from technique of importing. A
common error is to overwrite an imported module with another package's identically named module.

The Pa'\\\m standacd  Vbeary includes vagous utilitles ond

teols {:or Per&m:g ZomMmmon ?rosram \oe\\av?ors



Table 13.7.1:

Some commaonly used Python standard library modules.

datetime Creation and editing of dates and times objects hittps:#/docs. python ora/3/library/datetime itml
random Funetions for working with random numbers n.org/3/1i

copy Create complete copies of objects hitps//docs python.ora/3/librarv/copy.html
time ‘:i‘;hne&:urrentfime; OISl ek SAp A BUATIRET o6 hitps://docs.python.org/3/library/time. htm
math Mathematical functions rg/3/library; hy

] Operating system informational and management helpers bittps:/docs python org/3/library/os hitml

sys System specific environment or configuration helpers https://docs.python.org/3/library/sys.html

pdb The Python interactive debugger bttps:/idocs python.org/3/library/pdb hitml
urllib URL handling functions, such as requesting web pages https://docs. python org/3/library/urllib.himl

Figure 13.7.1: Using the datetime module.

The following program uses the datetime module to print the day, month, and year of a date that is a user-entered number of days in the

future.

Enter numbsr of days from now: 30
30 days from now is June 29, 2016

Figure

13.7.2: Using the randem module.

The following program uses the random module to implement a simple game where a user continues to draw from a deck of cards until
an ace card is found.

[ quit)t @
Card drawn:

Fress any key 2o draw s cazd (‘g ==

S card(s) wers drawn to find an ace.




. Files '

A common Presram«\:ns Yask s +o 3e+ ?nfw\' fecom a &le
using e  builk-in orer\O function“rathee than from a
user ‘Bft«s on a Ke\\, boacd

Dear journal, l contents l

Today | leamed
Python....

The apen functicn creates a fife object. The read function saves the content of the file a5
astring
Captions: A

1. The open function creates a file object. The read function saves the content of the file as a string,

Figure 14.1.1. Creating a file object and reading text.

Contents of myfile.txt:
Bacause he's the haro Gotham dassrves,
but not the one it needs right now.

Program output:

Opening file myfile.txt.
Reading file myfils_ txt.
Closing file myfile.txt.

Contants of myfile.txt:
Because he's the hero Gotham deserves,
but not the one it needs right nov.

The open() built-in function requires a single argument that specifies the path to the file. Ex: open ( 'myfile.txt') opens myfileitxt
located in the same directory as the executing script. Full path names can also be specified, as in

open ('C:\\Users\\BWayne\\tax return,txt'), The file.close() method closes the file, after which no more reads or writes to the
file are allowed.

The most commen methods to read text from a file are file.read() and file.readiines(). The file.read() method returns the file contents as a
string. The file.readlines() method returns a list of strings, where the first element is the contents of the first ling, the second element is the
contents of the second line, and so on. Both methods can be given an optional argument that specifies the number of bytes to read from
the file. Each method stops reading when the end-of-file (EOF) is detected, which indicates no more data is available

A third method, file.readline(), returns a single line at a time, which is useful when dealing with large files where the entire file contents may
not fit into the available system memory.



Figure 14.1.2: Calculating the average of data values stored in a file.

The file "'mydata.txt" contains 100 integers, each on its own line:

Contents of mydata.ixt:
105

Program output:
‘Reading in data....

calculating average....
Averages value: €3

Figure 14.1.3: Iterating over the lines of a file.

my_file = open('readme.txt') my_file = open('readme.txt')
contents =  my_fileread(500) TS S Tl eae S )
/
‘ print( lines[1] )
F s a
;SR

The Gle.warel) melo) writes o Stilng aggument +o o file

Final contents of myfile.txt:
[Exampie scring:
test. ...




The write() method accepts a string argument only. Integers and floating-point values must first be converted using str(), as in
f.write(str(5.75)).

Figure 14.2.2: Numeric values must be converted to strings.

Final contents of myfile.txt:

5+ 7.5 =12.5

The helow table lists cammaon file modes:

Table 14.2.1 Modes for opening files.

| Open the filefor reacing. Yes (Mo K

N N e Y - | :
A M l,d.wks | Openhe filefor writingIf file does not exist then the fileis created A ‘m Vs (as

N Contents of an existing file are averweltten
how a Gle is

Open the file for appending. I file does not exist then the file is created.

2 Wiites ore added to end of xisting fle contents.
ofeneA

Need belp? Foodback?

» Read mode v opens a file for reading. If the file is missing, then an eror will occur.

» Write made W' opens a file for writing if the file is missing. then a new file is created. Contents of any existing file are overwritten.

» Append made & opens & file for writing, If the file is missing. then a new file is created. Writes to the file-are appended to the end of an

existing file's conténts.
Figure 14.2.3: Using flush() to force an output buffer to write to disk. -n ‘Fl \\() ‘c‘-‘ e

me\'\\ol can be
clled +o force the
tn+erfre\-e( o flush
the output buffer o
disk

| Ioteckng uith Fle Systems

The P‘“\ot\ Standad \'\»rar\qs OS module provides an
.nﬂ((qce 4o o ero‘h Lunclion colIE and s thus a
catical P-eae o'F a \33&" fte:sl‘ammers {oolbox



A programmer shouild consider the portability of a program across different operating systems to avoid scenarios where the program
behaves correctly on the programmer's computer but crashes on another. Portability must be considered when reading and writing files
outside the executing program's directory since file path representations often differ between operating systems. For example, on Windows
the path 10 a file is represented as “subdir\\bat_mobile jpg", but on a Mac is ‘subdir/bat_mobile jpg’, The character between directories, e.g.,
“\Wor /", is called the path separator, and using the incorrect path separator may result in that file not being found.!

A common error is to reduce a program's portability by hardcoding file paths as string literals with operating system specific path separators.
To help reduce such errors, good practice is 1o use the os.path module, which contains many portable functions for handling fife paths, One of
the most useful functions is os.path.join(), which concatenates the arguments using the correct path separator for the current operating
system. Instead of writing the literal path = "subdir\\bat mobile.jpg", a programmer should wnte

path = os.path.join('subdir®, 'bat_mobile.ipg'),whichwill resultin "subdir\\bat_mobile.ipg" on Windows and
"subdir/bat_mobile.jpg" on Linux/Mac.

Figure 14.3.1: Using os.path.join() to create a portable file path string.

The program below echoes the contents of logs stored in a hierarchical directory structure organized by date, using the os.path module
to build a file path string that is portable across operating systems.

Output on Windows:

logs\lee7\8\z8\log.cxt: $§ ...
loga\1997\8\30\log.txz: # ...,

oo
loge)1897\6\28\log.txz: & ...,

Output on Linux:

1ogs/1997/8/2%/1oa.txt: § ...,
10gs/1997/8/30/1og.txt: & ...

£
1ogs/1997/9/28/10g. tx8: # ...,

On Windows systems, when using os.path.join() with a full path such that the first argument is a drive letter (e.g., 'C:' or 'D;"), the separator
must be included with the drive letter. For example, os.path.join('C:\\"', 'subdirl', 'myfile.txt') returns the string
"C:\\subdirT\\myfile.txt".

The inverse operation, splitting a path into individual tokens, can be done using the str.split() method. Ex:
tokens = 'C:\\Users\\BWayne\\tax return.txt'.split(os.path.sep) returns[C:, Users, BWayne' tax_return.txt].
os.path.sep stores the path separator for the current operating system.

Figure 14.3.2: Directory structure organized by date.

lags/
2008/

The os.walk() function 'walks' o &red'orx tree \ike e
one above, visﬂ'inﬂ €ach subdicectory in +he sfea'(.‘e.l path



Figure 14.3.3: Walking a directory tree.

Enter yeaz:200%

‘10gs\2009 contains surdirectories: ['April’, fnnuaz '] and che files: [J
10gs)2009\April contains subdirectoricss; (‘i‘] and the files: []

‘10gs)\2009\April\l contains subdirectories: {] and the files: ['log.txt!, 'words.doc']
1ogs\2009)\Janzary contains mbduecr.onea t'xs' '21', '24'] and the files: {1

1ogs\2009\ \LS i {1 and the files: ['log.cxt'}
Loqs\aons\nmury\u mm:ains nuhdlue:ories‘ [] 2nd the files: ['log.txc', ‘temp23.par']
ilmazv’mom\ 124 {] and the files: ['pressntation.ppt']

The os.walk() function is used as the iterable object in a for loop that yields a 3-tuple for each iteration.? The first item dirname contains the
path to the eurrent directory. The second item subdirs is a list of all the subdirectories of the current directory. The third item files is a list of
all the files residing in the current directory.

A programmer might use os.walk() when searching for specific files within a directory tree, and the exact path is unknown. Another
common task is to filter files based on their file extensions (.pdf, .txt, etc.), which are a convention used to indicate the type of data that a
file holds.

(*1) Unix-based operating systems, like Linux and Mac OS X, will not recagnize paths using the windows “\" separator, Generally, Windows
recognizes both /" and "\'. The double backslash "\\" is the escape sequence 1o represent a single backslash within a String.

(*2) os.walk() actually returns a special object called a generator, which is discussed elsewhere.

The os and os.path modules contain other helpful functions, such as checking if a given path is a directory or a file, getting the size of a file,
obtaining a file's extension (e.g., .txt, .doc, .pdf), creating and deleting directories, etc. Some of the most commonly used functions are listed
below:

« os.path.split(path) — Splits a path into a 2-tuple (head, tail), where tail is the fast token in the path string and head is everything efse.

[(-'c:\“__, s\\BWayne', 'b ,,',"",-jpg")]

os.path.exists(path) — Returns True if path exists, else returns Faise.

If file exists:
If file does not exist:

The Lamborghini than?

« os.path.isfile(path) — Returns True if path is an existing file, and false otherwise (e.g., path is a directory).

os.path.getsize(path) — Returns the size in bytes of path.

[Si:p of file: £5544 wt'eﬁs]




Some files consist of data stored as a sequence of bytes, known as binary data, that is not encoded into human-readable text using an
encoding like ASCII or UTF-8. Images, videos, and PDF files are examples of the types of files commonly stored as binary data. Opening
such a file with a text editor displays text that is incomprehensible 10 humans because the text editor atiempts to encode raw byte values
into readable characters,

A bytes object is used to represent a sequence of single byte values, such as binary data read from a file. Bytes objects are immutable, just
like strings, meaning the value of a bytes object cannot change once created. A byte abject can be created using the bytes() built-in
function:

o bytes(A text string’, ascii’) — creates a sequence of bytes by encoding the string using ASCI,
o bytes(100) — creates a sequence of 100 bytes whose values are all 0.
o bytes([12, 15, 20]) — creates a sequence of 3 bytes with values from the list.

Alternatively, a programmer can write a bytes literal, similar to a string literal, by prepending a ‘b’ prior to the opening quote:

Figure 14.4.1. Creating a bytes cbject using a bytes literal.

b'This is a bytes literal’
<class ‘bytes'> -

Figure 14.4.2: Byte string literals.

[h'-123456799 is the same as. uaqssns']

Programs can also access files using a binary file mode by adding a "h” character to the end of the mode string in a call to open(), as in
open('myfile.txt', 'rb'). When using binary file mode "b’ on a Windows computer, newline characters "\n" in the file are not
automatically mapped to the Windows format "\r\n". In normal text mode, i.e., when not using the 'b" binary mode, Python performs this
translation of line-endings as a helpful feature, easing compatibility issues between Windows and other operating systems. In binary mode,
the translation is not done because inserting additional characters would corrupt the binary data. On non-Windows systems, newline
characters are not translated when using binary mode.

When a file is opened using a binary mode, the file.read() method returns a bytes object instead of a string. Also, the file.write() method
‘expects a bytes argument.

Figure 14.4.3: Inspecting the binary contents of an image file.

Abbreviated output:

Contents of ball.bmp:

b’ BMb\Xe6\ K00\ 00\ X00\K00\K00\ X005\ x04\x00\ 200 (\XOO\ X0 0\ %00, \x01\200\%00
\xc1\x00\x00\2001x011x00\x08\x00\x00\x00\x00\x00, \xe2\x00\x00\xc4"




The print (contents) statement displays the value of contents, converting each byte to human-readable character if that byte's value is
a readable ASCII character (less than 128). The first portion of the file's contents is shown in the output, though the file portion is
abbreviated because the image contains about 27,000 bytes. Note how the first 14 bytes of the bitmap file is
"BMb\xe6\x00\x00\x00\x00\x00\x006\x04\x00\00". This sequence constitutes the header of the binary file, which describes the bitmap's
contents. The first 2 bytes 'BM" indicates the type of bitmap. The following 4 bytes "b\xe6\x00\x00" indicates the size of the bitmap. The
sequence "6\x04\x00\x00" indicates where in the file the RGB (red-green-blue) values for each pixel in the image are stored.

Example 14.4.1: Altering a BMP image file.

The following program reads in ball.bmp, overwrites a portion of the image with new pixel colors, and creates a new image file.
Download the above image {click the link, "ball.bmp’, above the image), and then run the program on your own computer, creating a new,
aitered version of ball.bmp. Try changing the alterations made by the program to get different colors.

The struet molule is o commonly used Esj\'\\on standacd
\ibracy module for packing values into sequences of bytes
who “values (ke integecs and stings). The Sheuct.pack
function packs values Such os skings and nteqecs into

se‘uences of \:8-\-85

Figure 14.4.4: Packing values into byte sequences.

Result of packing 5: b'\x00\x05'
Result of packing 258: b'\x01\x00' -
Result of packing 5 and 256: b'\x00\x05\x01\x00"'




The first argument to struct pack() is a format string that describes how the following arguments should be converted into bytes. The "<"
character indicates the byte-order, or endianness, of the canversion, which determines whether the most-significant or least-significant
byte is placed first In the byte sequence. > places the most-significant byte first (big-endian), and ‘<" sets the least-significant byte first.
The "h" character in the format strings above describe the type of object being converted, which most importantly determines how many
bytes are used when packing the value. *h" describes the value being converted as a 2-byte integer; other commion format characters are 'b"
for a 1-byte integer, "I for a 4-byte integer, and 's” for a string. Explore the links at the end of the section for more information on the struct

module:
The struct.unpack() module performs the reverse aperation of struct.pack(), unpacking a sequence of bytes into a new object. Unpacking
always returns a tuple with the results, even if only unpacking a single value:

Figure 14.4.5: Unpacking values from byte sequences.

The following code uses the repr() function, which returns a string version of an object.

Re:ult of unpnclu.ug "\x00\x05": (5,)
Rezult of mackmq '\xﬂi\xan' T (256,)
Result of unpacking '\xooxzos\xm\xuo- (5,
256)

Figure 14.5.1: Using command-line arguments to specify the name of an input file.

myfiled txt: E
myfile2.txt:

>python my soxipl.py ny!ilo!. £xt
Opening file myfilel,txs,
Reading two intcgers.

mmi.ng rile nytue). §= 13

num1: s
num2; 10
[ numl + num2; 15

>python my_scriptipy myfilez.txt
opam.nq rile nvtuei 1:::
Raading two intagers.

Closing file myfilel txs

>python my script.py myfile3.txc
Opening file myfils3.txst,
File doss not sxist.




A with statemeat can ke used to open o fle, execude a block
of statements, and auMakm\b close the ﬁe when
amP\e'l-e

Above, the file object returned by open() is bound to myfile. When the statements in the block complete, then myfile is closed. The with
statement creates a context manager, which manages the usage of a resource, like a file, by performing setup and teardown operations.
For files, the teardown operation is automatic closure, Other context managers exist for other resources, and new context managers can be
written by a programmer, but is out of scope for this material.

Forgetling to close a file can sometimes cause problems. For example, a file opened in write mode cannot be written to by other programs.
Good practice is to use a with statement when opening files, to guarantee that the file is closed when no longer needed.

Figure 14.6.1: Using the with statement to open a file.

A comma sepacated values (esv) (e s o Simple text-based

file format that uses commas 4o sepacate dota items, called
Gelds

Contents of a csv file.

‘name, hwl, hw2,midterm, final
petr Lit;tl '9,8,85, 7B

_faorf"xing,4 2,55,61




Each line in the file above represents a row, and fields between commas on each row are in the same column as fields in the same position
in each line, For example, the first row contains the items ‘name”, "hw1", "hw2", "midterm’, and "final’; the second row contains "Petr Little”,
"9, "87, "85" and "78". The first column contains "name”, "Petr Little’, "Sam Tarley", and "Joff King"; the second column contains "hw1","9",
"10°,and "4".

The Python standard library esv module can be used to help read and write files in the csv format. To read a file using the csv module, a
program must first create a reader object, passing a file object created via open. The reader object is an iterable — iterating over the reader
using a for loap returns each row of the csv file as a list of strings, where each item in the list is a field from the row.

Figure 14.7.2: Reading each row of a csv file.

‘Echoed file contents:
|Row #1: ['name’, 'hwl', 'tw2', 'midterm’,
s ['Pecxr Little', '9', 'B', '85', '7

The optional delimiter argument in the csv.reader() function specifies the character used in the csv file to separate fields; by default a
comma is used. In some cases, the field itself may contain a comma — for example if the name of a student was specified as

‘lastname firstname”. In such a case, the csv file might instead use semicolons or some other rare character, e.g., Little, Petr,9,8:85,78. An
alternative to changing the delimiter is to use quotes around the item containing the comma, e.g., "Little, Petr”,9,8 85,78.

If the contents of the fields are numeric, then a programmer may want to convert the strings to integer or floating-point values to perform
calculations with the data. The example below reads each row using a reader object and calculates a student's final score in the class:

Figure 14.7.3: Using csv file contents to perform calculations.

Pecr Little sarned 81.54
Sam Tarley =arnad 99.6%
Joff King cazned 55.35%




A programmer can also use the csv module to write text into a csv file, using a writer object. The writer object's writerow() and writerows
methods can be used to write a list of strings into the file as one or more rows.

Figure 14.7.4: Writing rows to a csv module.

final gradeswr.csv contents:
100,50,2¢
76,32,330
100,56,29 |
?5! 32,330




