
Git ↳Git subcommands

·git [subcommand] Cargs ... ) · format

· git init · starts a new repo (for starting a project
from scratch)

·Decho "Hi" > A ·

prints the word "hi" onto a new Ispontaneously created) file

called "A"

Las opposed to

printing
"hi" directly onto

your console,

which it would if we didn't specify a file
· git add · adds Files or directories to staging

"gib addA"Staging i
↳ ↑

---

· git commit timeof creates a Snapshota "commit") of what is currentlis

& Fer 2012/12M staging
the commit A 22 : 59pm

-> also stored in the commit :

ID parent Lo
· the author

"Commit message"

↳ commit
· other details

message
·When a commit happens,

the staging area also gets cleared.

Continuing the example

$ echo "B" > B

# git add B

⑪
git commit -m "Second commit"

⑮B 257212 FEz
24/1/12

2 : 05 pm

parent A 22 : 59pm

E- parent LoB
"Second commit" "Commit message"

↳ all commits are connected

through a graph/hashmap
?

· git branch · What are branches ? -> "a reference to a commit ID"

CHEADS
·What is the "head" refers to the current branch you

are
->

of a git repo ? "Working on
"

that
· How do branches

-> when you make a new commit
,

the branch HEAD

update? refers to is updated to reference the new

commit ID
.



Class17 :

Branching in Git

Why do we have to have - so we have more control & can control exactly which files go into the

a "staging" step ? commit.

What is HEAD ? -> Refers to a branch... indicates the one we're currently working
on.

Example? HEAD · here ABC was the 1st commit
,

followed by
main Alz

↓

⑰ -> ABC

-> When we add a new commit called DEF :

HEAD HEAD the HEAD

·in ------imain:
->

moves to

d reflect
- he hew

↳+- commit

$) git branch wipa creates a new branch named "Wip" :

Dir
ad
↳+-

->

Big idea : we can have multiple branches
, here

,
main and wip are 2

branches both referring to DEF

-> When we make a new branch the head does not move automatically
I git switch wip -> moves the HEAD to the branch "wip"

-> add new commit D12 :

HEAD

Wip
↓

↳main Cor you could draw it

d ↓
Di2

S like this : )

⑰a
d

DIze-



#) git checkout main - similar to switch except it world allow you to enter a detached

head stated which switch won't
-> moves the HEAD to the branch "main" :

# git checkout Al2 -> causes a "detached head state" because HEAD isn't referring
to a branch Can error basically

HEAD

↳ Min
↓ d

D12---
-> make a new commit with ID 3A5 :

HEAD

↳ Min

↓a
d

D12---
->

"The parent of 3A5 is DEF
"

-> Then
,

we more the MEAD branch to the newest commit

-> In order : First add the commit in front of its parent.
then

,
more

the HEAD branch to follow/"track" the newest commit

What is "merging" ? - bringing branches together ?

⑪git merge wip
->

mergas the HEAD branch currently main) with the indicated

branch (wip)

-> also
,
add new commit 987

*in M

↓ /an
D12---



-Strategies for lifelong learning in the software industry-

· written by creators of projects ; helps you understand their focuses

· written forageneral audience
, typically professionals

What are some key strategies? - Don't just gloss over terminology you do not know
;
Chat CpT or Google it !

I
-> start with Office Tutorials and Getting Started Grides



Typescript for the COMP301 Java Developer

-> The goal of this course is to teach the foundations of software engineering in the context of full-stack development

What is full-stack development?- > involves both the frontend that a user interacts with (like a web/mobile application),

applications across devices and
many users.

What is JavaScript? -> the leading prog . lang.
For web applications .

What is Typescript ? -> a "Superset" of JavaScript that adds static typing with optional type
annotations to JavaScript

-> transpiles to JavaScript

are to I ->
as well as the backend that runs on one or more servers and serves data to

-> used (in this class) to build the frontend of our web applications.

What does "static " mean in this -
10 de written at development time rather than at runtime

context ? -> kind of "code at rest"

· When it is in the editor or being analyzed by a compiler ,
rather than code that

is actually running on a machine

What is static type -> allows the TypeScript IDE and compiler to verify that
your code's

specification ? expressions and statements are type safe
.

-> decreases the risk of
writing code thats after release (like when users are

using its rather than before.

-> serves as a form of built-in documentation for other ppl on your team to know

how to use each other's code more reliably & confidently ·

How does TypeScript comp similar in that it is also a high-level ,
Oop language ... but otherwise quite different

Java? -> Syntax is more succinct & less verbose than Java.

- TypeScrip↓ Syntax-
what are primitive & -> primitive :

a prog. lang's basic data types,
from which all other data

reference data types ? types are constructed.

· often denoted all-lowercase name

· RECALL : COMP302 (Java's primitive types include int
,
double

,
& boolean

> reference : all the other types ,
often defined by interfaces

,
classes

,
& enumerations.

What are the primitive data -> number : represents a number that can store fractions (decimal places)

types in TypeScript? > boolean : T/F (same as Javal

-> string : represents a sequence of characters.

-> Unlike in Java
,

there is no type distinction between integers (int)
,

floats
,
and doubles ;

number encompasses them all.



-> To learn syntax ruces
,
we will compare Typescript (code written in blue) to Java Kode

written in orange ( this is the "type

How do
you declare a new Java Typescript ↑

annotation"

variable in Typescript ? int new Num = 88 ; llet / new Num : number = 88 ;
↓ ↓ ↳

variable's
variablea keyword, table
data

value

name type

-> The general format is let [varnames : (type] = Crave] ;

How do you declare constants-
RECALL : constants valve can't be changed later

in TypeScript ? final int new Num = 88 ; const new Num : number = 88 ;

↳
equivalent to "Final" in Java

-> format : const [name] : Ctype] = value ;
What do

arrays look like in -> TypeScript arrays are more similar to the Java List class than to Java arrays in

TypeScript ? terms of functionality (such as length not needing to be pre-set

Java

List <String) names = new ArrayList() ;
names

.
Add ("Avi") ; add values

names
,

add ("Ella") ;

names. add <"Ameya") ;

names
. set ("Rob"

,
1); replace values

names .

remove ("Rob") ; remove values by valve

names .
remove (1) ; remove values by index

String ari = names. get (0) ; access valves

declare arrays
type annotation

TypeScriptM using []

let names : string [] = 2 "Ari"
,
"Ella"

add values names
. Push ("Ameya") ;

replace values names [2] = "Rob" ;

remove values using
-

names. Splice (names
. index Of ("Rob")

,
2) ;

splice (i
,

n)
, which removes names

. Splice (1
,
1) ;

# number of values starting let avi : string = names [O] ; access valves

at index j -

names
. pop() ;

< removes last item of an array

What do if-statements look -> same exact as Java !

like in TS ? if (condition A 11 condition B) E

113

else &11 3



like ?

I
Java TypeScript

What do while loops look - same as Java :

like ? while (conditionA) E
...

3

What do for-loops look Similar to Java
,

with minor syntactical differences :

for (inti = 0 ; i < 10 ; i + + )E for (let i = 0 ; i < 10 ; i + + ) E

Il Il

-> For-each loops Literation) :

for (String name : names) [ for (let name of names) E

- Functions in TypeScript-
What are functions ? -> The most fundamental abstraction technique used in software

engineering
-> "Self contained" modules of code that accomplish a specific task

, usually by

taking in data
, processing it

,
and returning a result.

RECALL : How do functions look - Since Java is an OOP
,

function's can't exist on their own and instead

in Java ! exist as methods that are member's of some object class.

leven with anon classes & lambda expressions

What is the difference between -> methods are called on an object leg object . Method())
,
while functions

How do we write functions in

↑
3

3

II

3

name of function

the

3

3

Il

> return type specified agend

a function and a method ? are generally called standalone (eg function()

the name
of parameter

How do we write "functions" the return the
function/method M input

type of the ↑ i

(methods) in Java ? function String greet (string name) &

return "Welcome
,

"
I namet" !

"

;

N

(this is the type

TypeScript? keyword , function greet (name : string) :

string & annotation)

return "Welcome
,

"
I namet" !

"

;

3

parameter in put

-> general format : function + [name of function] + (param var's name : param data type) : Creturntype][

... 3

-> Unlike in Java
,

we do not need to specify flabel a function as void if it doesn't return

anything. We can
,
but it is optional ;

function do Something ()E
...

3 or function do Something() : void E... 3



I
keyword to assign M

the variable itself

What are arrow functions ? - A more compact and concise method of defining traditional functions

-> basically saving a function to a variable with a name that we can then

use to call it.

Example ? using the "let"
< let greet = (name : string) : string => E

the function as a return "Welcome
,

"

- name +
"

! "

;
I will be a string

(bic that's the
variable

"" is used to connect

it to a function body

-> Arrow frections can then be called normally :

let avi : string = greet ("avi") ;

& "Welcome
,
avi ! " is now the value of the variable avil

Why are arrow functions significant ?- They open the door to a whole new world of programming called functional

programming, since we can now pass functions around as values !

What are some key differences between 1 . Arrow functions do not have their own this. bindings ,

& thus shouldn't be used as class

arrow & traditional functions ? members/methods (bk you can't call "this greet"
2. Arrow functions cannot be used as constructors (can't call them with "new"

· world throw a TypeError
- Class and Interface construction in TypeScript-

How do we define class fields?

↑
Java

3

not used when

Typescript

return type) ,
but

-> The core idea and motivation for classes & interfaces in TypeScript is the

same as that of Java (basically What we learned in 301)...my just

syntax differences.

T Lets compare an example class construction in Java vs Typescript :

·

green boxes highlight minor syntactical differences

public class Student E public class Student E

public String name ; let keyword public name : String ;

public
int year ; defining fields public year

: number ;

private string address; private address : string ;

-> SAME-access modifiers : public , private ,
& protected keywords mean the

same thing in both langs

defining the constructor !
public Student (String name

,
int year , String adr) & constructor (name : string , year: number

,admistring)[

MFthis name = name j this name = name;

this year = year ; this year = year ;
this address = adr ; this address = adr;

this
. welcome)) ; 3 this welcomed) ; 3

-> SAME- use of the "this" Keyword



I
public void welcome ()E public welcome () [

n

"void" Keyword optional
"function" Keyword not used when

defining class methods ? m defining functions as methods

b

System.ort
. printin (Hello

,

"

+ thisname) ; console
. log (Hello

,

"

+ this name);

3 3

public static String yrirString(int year)E public static yotoString (year : number) : strings
if (year = = 1)E if (year = = 1)E

return "Freshman" ; return "Freshman" ;

else if (year == 2) & else if (year == 2) &

return "sophomore" ; return "sophomore" ;

3 3↑-return "Oops ..." return "Oops ..."

3 3

3 3

->

SAME-meaning of static keyword.

How do we instantiate a new - same as Java , except for syntax with variable declaration :

object in TS ? Student noah

3 = new Student ("Noah"
,

3
,
"Columbia St");

noah : Student

How do we create & implement public interface Person &

an interface in TS ?
name : string
3

public class Student implements Person ...
3

What is structural type checking? -> A feature of TS where it views objects as being equivalent types if they share

the same structure
, regardless of whether they share the same type name.

-> This means that we can technically directly create a variable of an interface

type (like Person)
,
without needing to have or use a class that implements

the interface !
creating object of type Person (an interface

let
person 1 : Person = E

name : "Avi") defining the properties required/outlined by the interface

3 ;
· notice how no subclass was used or mentioned in this declaration:

Does Java have this feature ? -> No ! Java
,
on the other hand

,
is a nominally type language , meaning it views objects

as equivalent types iff they share the same name (or have an inheritance relationship)
· RECALL how you can only create objects of interface type if an implementing class

is specified :

Person avi = new Student ( ... ) ;



What is the idea behind structural -> it relaxes the strictness of nominal typing (like Java's) by embracing the idea

type checking? that if an object has all the same fields & methods needed as some other

object type ,
then its probably OK to treat it as that other type.

- Extra TypeScript Features and Syntax-

How do you print statements in using console
. log) ...

)
,
which is the TS equivalent of System-out . printin(...).

TypeScript ?
How do

you use enums in TS ? -> (RECALL 301) the same as Java
, except that the enum options only have their

first letter capitalized ,
rather than all caps.

What is a type alias ? -> a feature of TS that allows you to create another label by which you can refer

to some object type .

->

Basically giving a known (primitive or reference) datatype an alias name that can

then be used interchangeably with the type name (when creating &

working with the objects)

How do
you

create a type alias? ->

Using the type Keyword :

type Rating = number ; - creating an alias called "Rating" for the number data type

let csxlRating : Rating = 10; creating new obj of type "Rating" (but its really just a number

Why are type aliases useful ? -> To make types more concise or more readable for
your feature

->

basically just an did for organization of code ?

What is a ternary operator ? -
an operator (like &&, 11

,
etc . ) that allows you to write a conditional expression.

·
as opposed to the other operators

,
which are only statements

,
and you have

to write subsequent code to produce an expression based on their result

lusing if/else statements
,

for ex)

->

basically , you input a T/F condition into the ternary operator. If it is

true
,

the expression can evaluate to one value. and if its false
,

another

How do we write ternary -> using this syntax : (condition] ? [expression if true] : Lexpriffalse]

operators in TS ? -> Example:

let esxlOpen Hour : number = isWeekday ? 10 : 12 ;
this is the ternary operator :

console . log (csX(Opening Hour) ; · if the boolean "is Weekday" = true
,
the console will

print 10

· if "isWeekday" = False
,

the output will be 12

console
. log )isWeekday ? "Weekday" : "Weekend") ;

· since the ternary operator produces an expression
,
it can also be used on its own like this

· the "expression" can be any data type,
not necessarily number



RECALL : What are generic types ? -> A powerful convention in Java (and also TypeScript ! ) that allows you
to

pass types as a parameter into objects. This creates objects that can

support multiple data types .

How do we create generic -> basically the same as Java
, just syntax differences.

types in TS ? -> see reading for comparison of generic class implementations in TS andJava.

Juve

Linked List < String) myStrist = new LinkedList();
Linked List< Student) my Roster = new Linked List() ;

TypeScript
let

myStList : LinkedList <string) = new Linked List();
let

my Roster : LinkedList < Students = new LinkedList();



her Order FunctionSIntroduction to Hig
R -> TECAP : What does a function raditional Function :

parameterreturn type
V

look like in T. S .? function double Number (num : number) : number E

return numa 2 ;
3

-> Arrow Function :

let double Number = (num : number) : number E

return num 2 ; 3

->
arrow function syntax uses the same syntactical structure that we use to define

variables !

What are the implications of -> r-unctions now join the list as a possible type of value that can be stored in a

arrow functions ? variable :

variable value value's type-
-

let course = 123;
123 number

let name = "Kris"; "Kris" string
let yoda = new Jedi ("yoda") ; Jedi ("yoda") Jedi

let double Num = (num : number) : number => Greturn num 2 ;3 L] ↳
"(num : number) number"

What are function literals ?- a reference value that declares an anonymous functionI -> defines the 3 basic parts of a function - the parameters (inputs) ,
the

2

return type ,
and the function body.

-> Syntax :

12
1- (num : number) : number E

-3
return num 2

; 3

What are type annotations?- type annotRECAP : ations are a way
to explicitly specify the expected data type of a

parameter,
return val

,
or any other variable being declared in a program.

· In TypeScript, type annotations are optional (RELALL: the code from Ex00) because TS

is usually able to infor the expected data type.

&

However, they are useful to the compiler in checking types ,
and can help avoid

errors dealing w/ data types
-> followed by the variable name

,
in the format of "

: type" :

with type annotation without type annotation

What is the type annotation for let name : String = "Ari" ;

[
let name = "Avi" ;

normal variables ?
let PID : number = 7305 ; ~ let PID = 7305 ;

!->Unlike Java
,
TS is able to read this and infor that name is meant to be a string



Wha tation witt is the type anno hort type annotation

for functions ? let double Number = (num : number) : number

return num 2 ; 3

with type annotation

let doubleNumber : (num : number) = number = (num : number) : number

↑

return num 2 ; 3

What are some use cases For
passing

1 . Pas sing functions as parameters
~

- Passing Funct ions asParameters -

The example : > &
magine we have several arrow functions that take in a number and multiply it

in someway
- similar to double Number ex above t :

let double Number : (num : number) = number = (numinumber) : number E ... 3

let triple Number : (num : number) = number = (numinumber) : number E ... 3

let halve Number : (num : number) = number = (numinumber) : number E ... 3

functions around as values ?

I
2 .

Returning functions from other functions

array ,
and adding the result to a

let square Number : (num : number) = number = (numinumber) : number E ... 3

How can we create a function to lets create an arrow function called map Numbers :

call double Number on
every number let map Numbers : (nums : number []) =) number 2? = (nums : number 23) :number[] = E

in an array ? (type annotation telling us that both the parameter (ang and return type will be number arrays

let new Nums : number 23 = [] ;

Fur (let num2 of nums) E

let nextNum = double Number (num1) ;: calling "doubleNumber" on each

variable in the parameter-passed
new Nums

. push (nextNuml ;

3 new array
.

return new Nums ; 3

What would make mapNumbers - B
Y making it able to not justAdouble a number th

,
but square or triple or

a more multipurpose function ? halve it too !

-> We could do this by just rewriting MapNumbers every time
,
but that would be

inefficient

How can we do thisefficiently? - by passing
in the specific function (double Num

, tripleNum
,
etc) that we want

performed on each number !

-> Since functions can be used as values
,
we can use them as function parameters

f oo !

· Notice the difference : in Java
,

there is no way
to pass a method

as a parameter into another method.



I
a parameter any named "transform Func" of value type

Syntax to pass in a function -> With the same format as any
other variable being passed in ;

"
<name) : < valve types

"

as a parameter ?
let map Numbers = (nums : number []

,
transform func : (numinumber) number) : number E...

a param. any named "nums" of ad
number array value type &

"(numinumber) number"
, meaning a function taking in a numbera returning

-> Basically,
a function can take in a certain type of function as its parameter

·

this "type",
as we can see

,
is defined by the param .

& return types .

How can we make ourlode more
- Passing in certain types of functions can be wordy ,

but we can fix this by

concise? creating a type alias (recall : RDOO) !

type numberTransformer = (num : number) => number ;

What would the map Numbers let mapNumbers = (nums : number 23
,
transformerFunc : numberTransformer J :number[] =>E

implementation look like now ? ↑ let new Nums : number (3 = [] ;

a number

(type alias

for (let num2 of nums) E

let nextNum = transformer Function (num) ; calling the passed in

new Nums
. push (nextNuml ;

function !

3

return new Nums ; 3

-Returning Functions from Other Functions -

-> since functions can now be used as values
, they can also be the return

typeof another function !

Example of when to use -> Recall the functions we created and used as parameters in the previous example :

this ?
· doubleNumber tripleNumber ·

square Number · halve Number

-> Instead of manually creating & implementing these functions that all effectively
Follow the same pattern -

returning their input number by some factor X (2
,
3

,

"2
,

or in the case of square Number
,
the inputhum itself).

..

· What if we could create a function that generates diff functions based

on the factor we want to multiply by?
-> RECALL the factory design pattern-creating diff versions of a class based on

a certain parameter.



I
takes in the desired

n

RETURNS a function of this specific type,

How would we write such let generateMultiplier Function =

a function ? (factor : number) : ((numinumber) =) number) = E

multiplying factor aka one that is compatible with mapNumbers

return numa factor ; 3 I
return ret ;

3

-> Now
,

we can call mapNumbers even more efficiently :

- ↑
T

let ret = (num : number) : number & creating & returning a function

·

Triple all numbers in an array:
let numList : number [3 = 20

,
1

,
53 ;

let tripled List : number [] = mapNumbers (num List
, generate Multiplier Functions (3));

i

· tripled List" : 20
,

3
,
15]

Conclusion-

What are "higher order -> Functions that either :

functions" ? & take in other functions as parameters ,
OR

& return a function as their result

Why are they useful ? -> Enable us to
program more in a functional programming style , by allowing

us to abstract functionality into higher order functions
.



I
-> a bash command-line interface (ali) prompt ,

also known as a

Learn a Command Line Interface Ch2 : The Sorcerer's Shell

What is "learneli$" ? -What
you see as the last line in

your
terminal

shell prompt .

How does the CLI work , on basically
, you type a command into the shell prompt (there are MANY,

a broad level ? we will learn about them)
,
Followed by whatever parameters /specifications

the command dictates.

-> then
, you presse and the CLI reads your command

, interprets

it
,
and attempts to carry out your request !

What is the "Us" program ?
-> A standard utility program found in the /bin directory
-> The sole purpose of the Is program

is to list the files contained

in directories.

How do
you use the Is -> By typing in the command

,
"Is"

,
followed by (a space

& then) the

program ? name of the directory (in the formatdirectory names)

· the C2I will return a list of all files contained in that directory .↑ bash dd launchett pud Ash

Example of using Is ? TERMINAL

learneli$ Is/bin -> hit ENTER & this appears :

cat
af link realpath test

chmod echo ⑮e um unlink

[ --- ]

What is the bindirectory? - "bin"-short for "binary program files"

-> Stores files which your computer can evaluate as a program-like Is !

How do you learn what a command -> run the program in "help mode" by typing the program name
,

followed

line program is useful for ? by the-help argument :

learnalis Is-help

-> this command prints out a bunch of text that contains info abork

the program's purpose , Usage ,
and options.

-> help usually prints out a lott of info-so much so that the text

might scroll off of
your screen.

How do we see less text output1 With the less program !

at a time ?
-> Type Is-help / less to only see a single screen of output at a time.

->

Reyboard Shortcuts in less : Key

I
Motion

F page down

b page up
I



I
q

!
Quit

Key Motion

j scroll down (by line

K scroll up

What is a "pipe" in -> Away to connect programs together ,
that connects the out put of one

the Unix command line ? CLI program to the input of another- leading to a multiplicative

effect on the no · of tasks you can carry out.

-> represented by the vertical bar character
,
I--like when we

did Is-help I less !

-> Pipes are part of an important Unix C . L . concept called
composing programs.

learncli manIs

What does man do ? ↑ -> A program to read the manuals of other programs· Running the command

replaces the terminal's content with the manual for theIs program
.

What is in the manual ? -> All of the info in a given programs help mode
,
and more !

-> Unlike the text that comes up when you do-help ,
manual pages have

consisted
,
improved formatting already organized into pages.

· scroll the manual using the same keys used to navigate less (prerpages
What is the cat program

?
- reads data from a file and gives/prints its content as output.

cat lusr/share/dict/words

What does the TAB key do? - When you are typing in a command and press HAB
,

the shell art completes

Whatever it thinks
you are trying to type

- or gives you several options

if there's more than one possibility .

·Similar to the thing on iPhones where 3 boxes of word options come up while us texting
·

especially useful when typing in the file path of a file.

What do thedo -> flips back & Forth between previously used commands in your
keys do ?

history (so you
don't have to retype them if

you want to reuse them)
What does the clear program ->

typing in the clear command clears your terminal screen &

do ?
resets the learnali prompt to the top of the terminal .

What is the grep program ? - Uses textual patterns to search for textual matches ..- basically like

&F but
way cooler !

-> the command Follows the format brackets indicate optional
-

grep COPTIONS] PATTERN [FILE ... ]
↑

arguments that can be left blank

b ↳ ellipsis indicates you can list multiple
the string of characters

files (separated by spaces) ,
and grepthat you are searching for

Will search all of them

->

grep prints out all lines of
every

listed file that contain a textual match.



Examples using grep? learnali
grep motion lus/dictionary

commotion · prints all lines of the dictionary containing
demotion the string "motion"

----

· learnali
grep "motion /vsr/dictionary

motion · the character anchors the pattern

motion's to the start of a line !

motioned · returns all lines beginning with "motion"

--

· learncli
grep "g .. p$ /usr/dictionary

gasp
· the $ character anchors the pattern to

glop ↓he end of a line !

goop · the character matches "any character" So basically
gulp used as a placeholder if you want to specify how long
- the search string will be.

· returns all strings beginning with a g , ending
with p

,
& with 2 characters in between

What type of
program is grep ?

-> A command-line program that filters data .

-> such programs tend to operate in one of two
ways :

1. accept a list of files to process (like in the examples above)

· this is a convenient but not all - that-significant feature

2.
operate on data piped into them by other programs !

· An essential & more powerful feature/rsage of
grep .

Examples of using grep with learneli$ Is /bin / grepg .. p$

pipes ? grep
· Instead of providing the optional (FILE...] argument ,

we have grep search

gzip r
the output of "Is/bin"-which is the list of file names inside /bin

·

The command returned the only lines/file names matching the

specified argument.

-> cat is an especially useful program to use in conjunction with grep ,
as we can

search the contents of a file being read by cat

What does the command"history" -> prints a list of the trail of commands you have recently run-aka your

do ? command log.



I
File system ,

where you can search
, organize ,

rename
,
etc . files all just

Ch .
2 : Directories

,

Files
,
and Paths

What is a file system ? -> a way to organize all of your projects & other work in files and directories

-> The Finder application on a Mac is a GUI-based way to navigate your

by pointing and clicking.
So why should you even try to ->

Although it takes more effort to learn
,
it provides you with a LOT more power.

navigate your filesystem viathe -> Using a CLI
, you can easily automate repetitive filesystem tasks

,
such as

CLI ? renaming 1000s of files from one naming convention to another

What is a directory ? - the fundamental unit of organization in a file system
->

Every directory can contain files
,

as well as other directories in a hierarchical↑
-

&

· something that world likely take days or hours to do via the GUI

relationship

-> there is one root directory that has all other directories &Files as its

descendants.

-> "directory" -

synonymous with "Folder" (like in G01 style view)

How do you access the list of -> RECALL : the program to list the contents of a directory is Is
.

To list the

contents in the root directory ? contents of the root directory ,
use learneli Is /

- The Forward slash/is how you
refer to the root directory !

· /bin = The bin directory ,
located in the roof directory

·

/usr/share = File path for the share directory ,
located in the use directory

·
located in the root directory !

And so on...

What is a path ? - The textual "address" of a directory or file in the file system.

-> When wanting a
program to operate on a file (like grep) , you providethe file

path as an argument !

What is an absolute path ? -> Paths which begin with aForward slash
, referencing the root directory.

What is the base name ? -> The last name in a file path , which is the file/directory that the path is

specifically referring to - the "target" of the path .

What is the "dirname" of a
->

Everything that comes before the basename
, including the forward slash.

path ? -> Represents the 'path' that is leading you to the target.

dirname + basename = absolute path

/usr/share/diet/ words Jusr/share/dict/words
What is a "working directory" ? - When you

need to work on many files in a single directory , typing all of their

absolute paths all the time would become tiring.
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&rectory

,
and then

only need to write shorter
,

less redundant

-> Instead
,

we can tell the shell that that directory is ourking

"relative paths" to files in it.

-> The shell already maintains a current w . d . as part of its state (though
we can easily change this)

. Currently
,

learnalia1l% prints out

/Users/avikumar/learncli2II

What does the pwd program do?

↑
-> Prints the path of your cement working directory !

How do we change our
-> With the ed command ,

Followed by the Filepath to the directory

working directory ? we want
.

C
.

d = "Change directory"
learnali$cd/usr/share/dict < changed the W . d .

- confirmed

learnalis pud with the pwd command's printort

Jusr/share/dict L

What happens if
you typeIs

-> It prints the list of contents of the current working directory , by default
.

without any proceeding arguments ? learncli$ Is

american-english words

What is an example of how a w . d.
-> If we want to use cat to print the contents of a file

,
we can now simply use the

makes it easier to type commands ? relative path to refer to the same file - since its absolute path has already

been specified :

learnali$ cat Jusr/share/dict/words /less DRECALLCh . 1)

⑮
learnalis cat words / less

↑
the relative path'

When should we use each type
-> either kind of path-relative or absolute -

can be used anywhere that a

of path ? path is expected ! You can freely substitute absolute with relative paths,

and vice versa .

↑

How does the learnal - The learnali container's insystem is separate from that of

container work ? my PC
, meaning that changes I make in

my container's file system

all revert back to their original stateWhenever l exit my learnali

Session (w/exit command) - which is good for when I make accidental

changes .

What aboutthe learneli -> HOWEVER
,

the actual /learnali directory is different - it belongs to

directory ? my computer's file system (you can literally open the learnalill folder

on Finder by going to avikumar -> learncli2i1/

· this means that all files within it are accessible & modifiable by my
PC

-> The lusers/avikumar/learncli directory is "mounted into" the learnal i container.
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a. out learnali

. ps1 work dir

learneli2II % Is

LICENSE lab-00-aviong Sh

bin learnali . Sh

-> Typing open .

into the learnalial% prompt opens
the corresponding

directory in the GUI (Finder application)

How do you create new -> With the C21 mkdir program
& command

directories using tha terminal ? - Makes a new directory inside of the current w
. d.

learnalisad work dir
creates new directory called "Ch2"

workdir mkdirch2 < inside of "Workdir"

How do
you copy files in the -With the up program command ! We can make a copy of a "source" File &

terminal ? place it in a "target" file or directory
.

-> There are I ways to use the up command :

1.
up + [path of SOURCE file] + [path of TARGET file]

· copies contents of one file into another

2 .

up
+ 2 path of SOURCE] . 00 (path of TARGET directory]
· creates copies of source filek) & adds them to target directory

the
·

ellipsis means we can list multiplesre files
, separated by spaces

What is --verbose ?

↑
-> An argument that you can use when running programs that will cause them to

learnclizl1$ ch2 % up /usr/share/dict/words words

· copies the content of of into a file called off in ourthe directory.

What does the up--recursive option do? -> Copies entire directories & their contents
.

print out the actions it performed when you ran it .

· basically if
you want to know exactly what the program is doing

-> On Man terminal
,

enter this argument as the Flag"-V" :

mkdir-v practice-directory

mkdir : created directory 'practice-directory'
What are "hidden dot Files" ? - files and directories which begin with a period ,

""
,

and are considered

"hidden" files - they aren't displayed when listing a directory's content

With15
.

-> Typically used to store the settings, preferences ,
and metadata of tools & projects.

up words words-copy
How do we askIs to list

-> With the -a or - A arguments

hidden files ? -> - A lists all hidden files except"" And "
.

"

Karnalizl1$ch % Isa me
... words-copy a sub-dir words
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->

o . is the parent directory link
,

& points to the parent

What is a "link" ? -> A third kind of file system entry (besides a file or a directory)
-> A link "points" to something else in a system

What is
"

..

" ? -> A link that automatically exists inside every directory

directory of your current wid .

What is
"

.

" ? -> Another link that automatically exists inside every directory and

What is the point of the -> They basically provide a shorthand to make typing commands more

· and o links ? efficient (sort of like this in Java)

->
. is particularly useful when you want to specify the current directory as an↑ ->
links to itselfJaka points" to the current working directory

argument to a program which is expecting some directory's path.

Usage examples ? You can move to your parent directory using ad .. instead of

cd [name of parent dir]

-> To create d relative path to move "up" the Filesystem hierarchy by more

than one p .
d . at a time :

moved from a sub-dir to ah2
learnalizlI$a-sub-dir (d .. 0 .

to workdir

learneli2l1$ workdir

-> To copy a file from one directory to another with up & retain the

samePile name :

learncli$ up lusr/share/dict/american-english ·

learncli$ Is

american-english

How do
you

rename files -> With the mr program/command !

in a CLI ? ->
mv + [path of SOURCE file] + knew desired name]

learnali$mr words-copy words-copy
Is - A here

,
we moved the file named

a sub-dir american-english "words-copy" to the name

words words -

copy "Words-copy"

How do
you more files from - Also using the mu command

, except instead of anew desired name, "

one directory to another ? the 2nd argument should be the directory where we want to more the file :

learnali$mv words-copy a sub-dir

IS notice how words-copy no longer

a-sub-dir american-english words shows up in theIs of the crd..

Is a-sub-dir but it does show up in theIs of

words-copy
the target, a - sub-dir !
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but below each listed subdirectory ,

it also lists the names of the files

What does the find -> It lists directories recursively
- aka

,
it lists the name of all files

inside it !

- As opposed to the Is command
,

which only lists the name of everything

program/command do ?

↑
and subdirectories in a given directory (which you specify as an argument) ·

in a given directory (but not the content inside
any subdirectories)

How do
you use find ? find + [path of starting-point directory]

What is an example of using
- say you have the following content inside your ch2 directory :

the find command ? words (file) a-sub-dir (directory) practice dir (dir)
↓

words-copy (file words (File] book (file

-> UsingIs retrns a list of directory contents :

learneli2l$ch2 % Is

words words-copy a-sub-dir practice dir

-> Using find returns a recursive list of directory contents :

learnclizl1$ch2 % Find
.

- notice the referring to the

awd ,
" Ch2

*

#words noticethe being used as ashorthand for "" in the relairas

· /a-sub-dir

· Ja-sub-dir/words
· /practice dir

·/ practice dir/book

·/ words -

copy

How do
you delete files from With the rm program/ command !

the command line? -> rm will only delete files
,

not directories - unless you use the -d

argument.

learneli2e$ch2% rm words

How do you delete
empty

-> Using rmdir

directories ? learnciell$ ch2 % rma-sub-dir

How do you delete non-empty -> Using im but with the-r argument ,
which stands for "recursive"

, meaning

directories ? it tells the ru program to traverse all subdirectories to delete files.

->
Be CAREFUL when running um recursively - use the -i argument,

which results in the terminal asking you to confirm
,
for each file

,
that you

want it deleted (you just type "y" or "n" to confirm or deny)



r~unctional- Style Stream Processing
-> U powerful model for

processing events & data

T Applications : When you want something to constantly update ,
like the scores for

a sports game on a website

What is st
- Aream processing ? technique spanning many areas of CS from big data processing in

the back-end
,

to event processing in the front-end and more.

-> His torically , functional-style prog concepts have played a big role

·

pure ,
o-side effect functions & immutability enable parallelism/

scaleability
⑨

What is a stream ? - Basically a collection of data

What is a functions type ? - generally , any 2 values of the same type can be substituted for one

andther & the program's type checking will remain valid.

-> is made of its parameter list's types tuple & its return type
< parameterTypes

,
... ) : returnType

What is a functional interface? - Assigns an identifier ("name") to a type of function.

interface Name [

< parametero : typeD,
... ) : returnType ;

3

Functional Interface Types with

I
-> with diamond notation :

- For ex, this says "A predicate is
any

function with a single type of

number that returns a boolean
.

"

interface Predicate E

Lelement : number) : boolean;
3

Generics interface Transform < T
,

v > &(paramo : 1) : V ; 3

-> S pacifying a generic type is "parametrizing a type" to avoid

redundant declarations of types with the same "shape" for each

+
y pe involved.

-> Generic types can be made concrete in subsequent declarations of types
of variables

, parameters ,
& return types .

For example :

let stringtont : Transform string ,

int) < paray" String) : int ;3



-> Modern languages' ability to infer types improves the

Type Inference - conversely , type inference works in the opposite direction as

well with "contextual typing"
let F2 : Predicate <Numberl = (x) =) &/

... /3 ;
↑

here
,
the parametera return typeare inferred

by TypeScript
->Contextual typing makes the DX of functional-style programming

with higher-order functions incredibly pleasant & powerful...

interface Transform <T
,

v > &(p0: ) : V ; 3

let map =< T
,

v > (collection : T2J
,

F : Transform[T,
vs) :

v2] = E

let rv : vC] = 2) ;
for ( let item of collection) [

~ - push (fLitem));
3
return ru ;

3

Aside : AnonymousFunction - let - : Transformnumber
, string= ( : number listing> Greturn

short-hand # X +
" !

" ;
SHORTEN ↓

let f : Transformnumber
, String = (x) = Greturn x +

"

! "

3 ;

↓

let F : Transformnumber
, String) = (x) =) X +

" ! "

;

↑
since body is a

One-liner Ijust return

Statements ... we don't need

return
nur Keyword.

let F : Transformnumber, string) = X =) X +
" !"



GIT REMOTE
git push origin wip

Origin/
↳ creates a new branch in the

G THUB
physical server

git fetch--all retrieves & downloads all of your

local

·n swee vie

gil switch main
remote branchics (so bug-fix)

git pushorigin main

Ca "Fast-forward")

git
merge origin/buy-fix

- Sit push origin main

-⑮githubint①Wp
bug-fix

use

Ajay git push origin bug-fix
git switch main

①y-fix
git pull origin

main

HEAD

1) push bug-fix
2) push wip

3)
merge

-> New Pull Request : bug-fix - main

· would have to approve this on github
*



What is a component ?

I
-> components are the fundamental building block for creating Angular applications.

Overview of Angular & components

What is Angular ?
-> A development platform built on TypeScript

-> define areas of responsibility in the UE
,

and allow you to reuse sets of UK

functionality.

-> Make a new component in your application by running
ng generate component componentname> in the container terminal.

What happens when you generate
-> The 3 Files which compose a component are created :

·

eg handing user input
, managing state

, defining methods
,
exc.

a new component ? ↑ 2) a component class
,

written in TS
,

that defines the behavior of the component.

· similar to the Model piece of the MVC design pattern (RECALL COMP301)

20 An HTML template that defines & determines the user interface

·

controls what is rendered to the browser.

· Similar to View
,

from MVC

30 Component-specific styles ,
written in CSS pages ,

that define the "look & feel"

What is a component -> to enable the user experience and nothing more ! A component should :

class' job (ideally) ?
· present properties (class fields) and methods for data binding
·

use these fields & methods to mediate between the View (the him

template) and the application logic (which usually includes some notion of

a Model)

->

Angular does not enforce these principles (of what a component should&

shouldn't do) - this is just like
,
best practice (similar to "principles of

encapsulation" in OOP ,
RECALL COMP301)



What are "widgets"

I
-> individual

,
reusable user interface elements that can be easily integrated into

Crash Course on Widgets in Angular

in angular ? the VI of your Angular components ! Jaka "component. Is" Files)
.

Why are they useful ? -> makes
your Angular frontend more versatile & modular.

mu

-> widgets basically "abstract" frontend VI elements in order to simplify
Angular components.

& makes the development process in Angular less painful .
- Review of Angular Modules -

->

Angular Modules define the application's structure & help to manage dependencies

in an Angular application

·ther code that is related to a specific feature/functionality.Mto be loaded.

-> Ex : TheeSxL Web app
has separate modules for each subpage

- organizationmodule.ts,

event modrle.ts, etc.

· but it still has an app. modrie.ts to ultimately encapsulate the app.

stored ? · A < search-bar > widget that defines a search bar item to be used

throughout the application.
· Associal-media-icon > widget that defines social media icon buttons to be used

throughout the application.
·

A sorganization - card> widget that provides the format for the little boxes

which display info about CSorgs at UNC,
,
to be used on"organization" pages.

->

widgets that will only be used for one page ,
like organization-card,

can

be stored in that page's modrle
. ts file

.

-> For "global widgets",

like the other two
,

should be declared in a separate

"shared. module. ts "File
,
that the other modules that need them can then

import.

How do you declare a new
-> In awidget folder (which should be either in an individual module's

widget ? folder or in the shared" folder) , create a new order titled

< widget-name)
,

& create the following 3 Files inside :
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3 . Widget-name . Widget.

Is

1. widget-name . Widget. ass

2. . Widget-name . Widget . html

(similar to creating components !I

How do we define the widget's
- In the its File

, starting with this template :

behavior? &
the "a component decorator"

e Component (E

selector : 'widget-name' , · the selector property ,
which

is the name what we will
template U-1 : !/widget-name Widget . html' , use when

referring to

Style Urls : C'
· /widget-name . Widget . ess'] the widget in the HTML

File .

export class WidgetName E

# Inputs and outputs go here /

la constructor /

constructor () &3 3

-> Once we create this template ,
we must declare it in a module !

-> In the-module .
Is file of the folder that the widget was made

in (like organizative module
. Is or shared module.ts

,
for ex) :

↑ 3)

constructor () &3 &
construction of an Organization Land

· add the name of the widget class created to the list for the

declarations
property in the &NgModule decorator.

-> Using the @Input decorator in the WidgetName class Fields :

How do
you pass data into export class Organizationand the " ! "unwrap operator ensures to

->TypeScript that the organization field

a widget ? & Input() organization! : Organization is required & will be passed into it upon

object.

3 the required input of thisField is an Organization
object.

-> With the straight brackets []
,
which denote inputs (in Angular

How do we display this widget -> Inside the html File of the desired component that we want to add the widget to :

on a page? organization-page · component . html :

< organization - card Corganization] = "organization") >

· This adds one organization card widget to the display ofthe organization page. It

declares 1 Organization Card object & passes a specific instance of an Organization

objectLaka some (Sorgy UNC) into the input
, using [J .

How can we display one organization-

->

Using the"*ngFor" structural directive
,

which renders/dynamically repeats

card widget for each organization? a template for each item in a collection :

< organization-card Corganization] = "organization" &ngFor ="let organization of organizations"



How do we send data from

I
-> Aka

,
if we have a button on our widget ,

how do we code an action into that

widgets to components ? button ? I
. e

.,
how can we get the button to trigger a function in the

parent component ?

·

the answer : using the Output decorator !

What does theOutput() -> allows us to pass
data from widgets back to components - the opposite

· then
,
the parent component can run functions using the output of the

widget.

RECALL : how do we define a
-> In the huml file of the respective component :

decorator do ?

↑
of what we did with & Input2)

.

↓

basic button in Angular ?
- button (click) =

"My Action ()" < Click melo !< /buttons
- ->

- the text that would appear on the

& button.

-> the parentheses after a VI element is syntax for an event binding
.

-> This example button basically says that whenever the button is

clicked
,
the function which has been passed into (click) is run-

aka the my Action() function.

· the (click) event &
my Action) frection are now bound together.

Example - how can we add -> Several Steps :

a button to the organization-card
1 . define a function in the widget's parent component class - in this case,

widget that allows the user to organization-page. component . As - that actually performs the action/code

join the organization" ? of 'joining a user to an organization
· SIMILAR : to writing methods in the Model class (MVC)

organization-page. component . Is

join Organization Corg : Organization) E

1) implementation code here 3

2. Define an output field in the Widget class/TS file - in this case
,

organization-card. widget.
Is

-> remember
,

we have many org cards (one for each organization)
,
and each card will

have this "join" button

-> So
,
we need the output so that there is a way

for the
organization-page . component

class to know which organization
to join when button is pressed.

(Example code on next page
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& Output() join Button Pressed = new EventEmitter < Organizations ()

organization-card-widget .
Is

export class OrganizationCard E

& Input() organization !: Organization

&anevent handler" for when the button is

pressed.
constructor () &3

3. Connect the event handler defined in the Widget TS file
,
to the html of

->
Now that we've defined this event handler

,
we can access it in instances of

the widget that we created in the parent components html File↑ 3

the parent component !

(in this case
, organization-page. component .

htm

BEFORE :

Lorganization-card Corganization] = "organization")

Engfor = "let organization of organizations"
Now :

< organization-card

Corganization] = "Organization"

(join Button Pressed) = "Join Organization Corg : Sevent)
"

Jugoret organization of organizationshe

line accesses the output of the join Button Pressed event handler

-> Didn't finish notes be its confusing & pointless



work flow for larger

I
2. create branch feature off of WIP

Pull Requests

What is the typical 1. create branch WIP off of main

3-
teams ?

What is a merge ?

↑
-> A

way to bring changes
from one branch to another .

Merge Conflict : -> When branches have ourlapping changes to the same file(s).

-> Merge Commits : created wherever
you marge branches withMagent

histories... not the same ,

as merge conflict

What is a pull request ? -> can be better thought
of as

a "mega request" & acts as an

official record of a mage between branches.

-> A PR includes an oree for the PR's creator to leave comments,

and & other collaborator's to do the same .

Why use one ? -> allow for easier code reviews and catching bugs.
-> Documenting changes for your team & others

-> Alerting other collaborators that a branch has been updated
-> Is shard

among yourteam
,

not just on your local machine

-> Simplified workflows : Lets
you

make a mage with the

press of a button !

-> Fast forward : When a

merge occurs who a

mege commit.
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Client es Server Interaction

B-> All communication happens over "requests" & "responses"
-> Usually begins ws a request from the client .



Understanding Dependency Injection in Angular
What is -> The mechanism that manages the dependencies of an app's components ,

and the

Dependency Injection ? services that other components can use .

-> DJ is one of the fundamental concepts in Angular.
-> Essential to the Angular decorators

,
such as components.

What are the 2 main roles
1. The dependency provider
2. The dependency consumer

in the Angular DI system?
->

Angular facilitates the interaction between the two using
an abstraction

called Injector.

What does Injector do ?
-> When a dependency is requested ,

the injector checks its registry to see if

there is an instance already available there. If not
,

a new instance is created

& stored in the registry.
How do you enable a class

->

By adding the &Injectable decorator to the top of the class file.
-

to be injectable ?
->

Example : A class called Book that needs to act as a dependency in a component ;

& Injectable()

class Book() E

... 3

How do we providethe DI Of
- By adding the class to the list of providers - which is a field of

a class to a component?
thee component decorator ;

-> The injected class becomes available to all instances of the component, as

well as all other components & directives used in the template !

homepage . component. Is

e component (E · RECALL: the selector property
defines the name used when referring

selector : 'homepage to a component in its html file,

[
template URL :

'

. /homepage . component. html; ·

homepage. component . html also

Style URIs : C'
. /homepage . component . Cas gains access to the Book class objects

providers : (Book]

1. 3)

... 3

export class Homepage Component ()[

Recall : these 2 fields refer to the other 2 of 3 Files that are created when you
"ng generate component" - an html & a Css File.

What does DI at the
-> When

you register a provider at the component level
, you get a new instance

component-level do ? of the "Service" (in this case
,
a new instance of the Book class object) with

each new instance of the component.



class for DI ?

I
& Injectable (E -> When we provide the class at the root level

, Angular

What if we want to provide -> We can do this by adding the provided In : 'root' field to the decorator of

a single ,
shared instance of a the class being injected :

provided In : 'root' creates a singular,
shared instance of Book and

3) injects it into
any class that asks for it.

class Book() E

... 3

How do we provide the DI of a ->Provide it inside of the entire app's AppModule - aka app .module . ts !

class to an entire application ?- > Add the class to the list of providers in the providers field of the class'

& NgModule decorator :

app. module . Is : eNgModule LE

declarations :[

... ]
,

imports : [

What does DI at the

↑
-

33 ;

... ]
,

providers : [

& provide : Book 3
,

-> When you register a class as a provider at the application level
,
the same

application-level do ?
instance of the class/service (Book) becomes available to all components

,
directives,

and pipes declared in this NgModrie.

-> difference between root-level & application - level DI ?

So how do
you actually

-> There are I ways to do it :

inject a dependency ,
once 2. Constructor Injection - declare the service in a class constructor

you have set up the "providing"
· RECALL : COMP3OI DI & constructur injection notes

aspect?
EX :

homepage . component. Is

& Component (2 ...
3)

class Homepage Component E

constructor (private service : Book)23

3



I
homepage . component. Is

2 . Using the inject method :

& Component (2 ...
3)

class Homepage Component E

private service = Inject (Book) ;

3

What happens when Angular
-> it first checks if the injector has

any existing instances of that service.

sees that a component depends
-> If a requested service instance doesn't exist yet, the injector' creates one

on a service ?

↑
using the registered provider ,

& adds it to the injector before returning
the service to Angular.



Models in Angular
What do we use interfaces -> To represent/model a collection of data

in TypeScript?
- We can declare an inter face directly inside of another class. For exi

organization-page-component .
Is

export interface Organization &

name :

String ;

description : String;

year Founded : number ;

events :

String [] ; 3

-> This defines a sort of "organization" object type that has all the properties
-> The export interface allows the interface to be used outside of thets file

where it was declared .

Why do we use interfaces
- The interface just specifies the "shape" of an object

- aka the properties that we

in this way ?
expect

· as opposed to creating a class
,
where we'd be required to have a constructor,

methods
,
etc .

-> Basically just a way to group certain properties together which define

an object (like an 'organization's .

Why does this approach work in
-> Because of structural typing ! We can create an object of an interface

T. S . but not Java ? type (something you can't do in Java !)

-> For example :

let csxl : Organization
= E Here

,
we have used an object

name : "Experience Labs", literal to create a new obj

description : "Lool ! "

"
· F type "Organization"

yearFounded : 2023,

events : [ "Workshop 1"]

3
What is an object literal ?

-> The example above -- a way
to spontaneously construct an interface object

without a constructor or new keyword or anything .

·

is a
way to declare a variable

-> this approach to using an interface is called a model.



I
application needs.

Services in Angular
What is a service ? -> A broad category encompassing any value

,
function

,
or feature that an

->

Typically a class with a narrow
,

well-defined purpose

-> Completely separate from components -- created using

ng generate service servicename >

What is the purpose of Angular ->

They provide a
way to separate Angular appdata

,

& functions that can

services ? be used by multiple components in
your app.

-> A centralized data source that multiple components can use
.

When should a component uset for tasks that don't involve the View or the application logic. For ex ;

a service class ?
·

fetching data from the server

[ · validating user input

& logging directly to the console (console . log (" ... ")(

These processing tasks are the type of things that we should then define in a

service class !

· By defining them in an injectable service class
,

we make the tasks

available to any component.!
The components' "source" of all the organization data

component component component

returis
↑ Las

a
↑ 11

Organization Service

How do
you make d service usable

-> The service must be made injectable- by adding theInjectable decorater

by multiple components ? to the service class !

-> services that are injectable & used by a component become dependencies of that

component--that is
,

the component can't fruction wo them.



What is the structure of a

I
-> 2 parts : the Frontend (client side) and the Backend ("Server side")

Intro to Angular videos

Frontend Backend

What the user sees Manages the data &

When they open a internal logic of the

webpage application

[

-> What Angular

web application ?

↑
to a Modrie

focuses on

&

-> Angular is used to make single-page web applications.
· Application made up of a collection of views

·

When user navigates to one of the URLs
,
the application dynamically

rewrites the page
to show the correct view.

->
Each component is a "view" associated with some URL.

What is the "Angular User App - CSX1 . unc
. edu/coworking -> Coording component

App Routing Module" ? navigates
-> Rocking -

csx1 ,
unc . edv/events -> Events component

certain

URL
App Routing Module shows Correct page

for URLgiven

-> responsible for showing the correct component based on the URL that the

user narigatesto



T
.
S. Syntax

I
->

const in T. S. "Final" in Java

Quiz Review

type if they share the same structure

·

regardless of if they have the same type name (nominal typing"

->

type Rating = number ; type Animal = Cat 1 Dog ;

let csx) : Rating = 10 ;

Type annotations
-> type annotations are a way

to explicitly specify the expected data type of a

·
-> Typescript utilizes Structural typing

-- views objects as being of the same

parameter,
return val

,
or any other variable being declared in a program.

· In TypeScript, type annotations are optional (RELALL: the code from Ex00) because TS

is usually able to infor the expected data type.

·

However
, they are useful to the compiler in checking types ,

and can help avoid

errors dealing w/ data types

1. . having a frection be the return type of another frection

2- having : function be a parameter any
of another function

HTML and TS File ->

Property Binding :

relationship in aComponent
· enables HTML element to use values from TS file as a property input

· aka
, setting the value of one of the properties (-class fields) of theTS File

inside of the HTML File
.

· stuff inside of quotation marks is TypeScript language code.

[ price] = "product . price"
· <] denotes an input

-> Event Binding :

·

enables HTML element to call functions from the TS file.

(buyButton Pressed) = "purchase (product)
"

· () denotes an event binding
·

quotations indicate TS code
,

where the function is called.

-> Interpolation Syntax :

·

enables the use of a value/field from the TS File to be inserted directly
into the HTML file

< mat-card-title

& E organization. name 33

4/mat-card-title >

·

the TS value is placed intothe UI (via the HTML &2533)asext



User navigates Active view

to a URL
-> that the user sees & interacts with

- which is provided
N

↓ AppRouting Module

connects

components to

URL paths
W

-> so that they (Angular components)
can be accessed

Angular from browser.

& Component HTML/CSS calls functions
App sends data describes the structure & style of the component based or

Routing to the Ul
user interaction

Module
& property bindings

Components
& interpolation & event

S

syntax
& component Typescript

&
binding

expose a

Functionality of your componentstatic route

-> describes the URL that M

the component is available components(l
services send data

tim - for components to display in the US

- services are injected into

non-VI Functionality -
components

DataModels Angular
Services

· the Interface things & · centralized data source for multiple

w/ only properties Define the structure components

(no methods of data that the service
· "source"

expects to work with
· made available to components through DJ



r-astAPI

What is an API ? > A P2 = Application Programming Interface

an API is a software /jet of

programming
code" that sort of functions

Sof tware applications communicate with each other to exchange
data,

Features
,
and functionality.

· Like the backend with the frontend !

What is FastAPI ? -> A leading ,
modern framework for developing backend APIs in Python

->
a backend Server framework

.

What is a backendserver ! -> A server running in our cloud that the client-side of an application can

send requests to to do things.I
S

as a set of rules/protocols that let different computer programs and for

What do we use FastA PI for ? - To implement server-side functionality
.

·

When your server is running,
it is within the container

-> You can make requests to the server using your web browser
,

or other tools-

such as cord
.

-> The functions we implement on the backend are less trivial
,

and more freused

un one objective/responsibility : persisting or retrieving data to and

from a database.

What is the command to run the -> uricorn main : app--reload ,
where

live server of an API ? · main refers to the Python File that contains the FastAPIL) object.

*

app is the FastAPI object created inside main
. py with the line

app = FastAPIL)

*
- reload is a command that makes the server restart after

code changes .

What is a schema ? ->
a definition or description of something Not the code to implement

anything ,
but just an abstract description.

What is a data schema ? -> A schema" that refers to the shape of some data
,

like a JSON content.

· in that case
,

it would include the JSON attributes
,

the data types they have
,

etc.

What is an API "Schema? - 0pen API is a specification that dictates how to define a schema of

your API
.

· it defines an API schema for
your API

.

(?)

What does the OpenAPI schema
->

Y our API paths
,

the possible parameters they take
,

etc.

definition include ?
->

it can also include definitions - aka other schemas - of the data sent and

received by your API using JSON Schema-the standardized format for

JSON data schemas.



What is OpenAPI for ?

I
-> The OpenAP] schema is what powers the interactive API documentation

What does FastAPI -> FastAPI generates a "Schema" with all of your API

do with Open API schemas? using the OpenAPI standard for defining APIs .

systems (the website that shows all the parts of
your API)

-> It can also be used to generate code automatically for clients that communicate

with
your API.

·

i

. e
.,

for frontend or mobile applications .

How do
you create an API in

~ In a new Python File
,

we do the following steps :

Python using FastAPI ?
1 .

import FastAPI - a Python class that provides all the functionality for

your API :

from Fastapi import FastAP]

2-
Create a FastAP] Object "instance" . This object will be the main point

of interaction to create all your
API .

app = Fast APIL)

What is a "path" ? ↑ ~ The last part of a URL
, starting from the first/

3 .

Create a path operation

·For ex
,

the "path" of https : // example . Comlitems/foo would be "litems/for"

~ When building an API
,

the path is the main way toSeparate "concerns" and "resources".

What is an "operation" ? - Refers to one of the HTTP "methods"
,

such as POST
,

GET
,

PUT
,
DELETE,

OPTIONS
,

HEAD
,

PATCH
,

and TRACE

How do we use operations when building
~ in HTTP protocol ,

these methods are used to communicate to each path.

APIs ? -> When building APIs
,

we normally use a specific few HTTP methods to perform

specific actions :

· POST : to create data

· GET : to read/retrieve data

·
PUT : to update data

· DELETE : to delete data

-> In OpenAPI
,
each of these "methods are called operations .



I
that go to the path"/"using the get

So how do we create a

-> With a line in the format app . Loperations ("<path")

path operation (Step 3) ? & app . get ("1") ·This line tells FastAPI that the function code

/ function code heres&below it is in charge of handling requests

operation !

What is "Dapp" ? -> We can do this with any of the operations ; &app - post2)
,
gapp. put2)

,

& app . delete()
,
etc.

-> The path operation decorator

-> A decorator (something) in Python is something that you put on top of a function

if
you want to do something specific with it.

·

capp is a decorator that tells FastAPI that a certain path corresponds to

a certain operation.

↑
Define the path operation function - the function below the gapp

decorator line
.

· For a path operation &app . Operation ("(path")
,
the Python function under it↑

5. Return the content !

called by FastAP]

is what will be called by FastAb2 whenever it receives a

request to

the URL "/path" using an operation' operation.

& app . get (")")

async def root)) : 0 < the "async" function named root
,

which will be

--

·

we could also have excluded the "async" Keyword and madethis a normal function.

All thecode all together :
main . py

from Fastapi import FastAP]

app = Fast APIL)

& app . get ("1")

async def root 2) ;

return &"message" : "Hello World" 3

-> There are many objects and models that we can return& that will be

automatically converted to JSON.

· Just a few possible things we can return : a dist
,
list

,
str

,
int

,
etc.



Server ?

I
return &"message" : "Hello World" 3

What will this API display
from Fastapi import FastAP]

when we run the liveADDEFSA is

On localhost : 8000
,

the following page
:

&

"message" : "Hello World"

3

-

↑
async def root 2) ;



What are path parameters ?

I
~ declaring path "parameters" basically means setting a part of the

FastAPl : Path Parameters

path" argument that goes into a path operation ,
to be some value that

can then be passed into the path operation function as an argument,

Example ?
->

Compare this example from the previous page
:

& app . get ("1") to

& app . get ("litems/Eitem-id3") · > the 53 syntax indicates that this

async def read_item (item-id) : portion of the website path should be↑ (
where it can then be stored/displayed otherwise used.

return &"item ID" : item_id3 declared as a variable/parameter

The path operation frection takes called item-id

the path in as a parameter ,
and then displays it by

calling the variable name
,
with no quotes around it.

What will this API display? Whatever we type into the address bar for the path will then get

displayed.

127
. 0 . 0

.

1 : 8000 /items/foo :

E

"item ID" : "Foo"

3

-> If we change the path
,

the page updates !

127
. 0 . 0

.

1 : 8000/items/ella :

E

"item ID" : "ella"

3

How can we declare the data> We can specify the data type inside the path op .
function

, using standard

type of a path parameter ? Python type annotations

-> By specifying a type ,
we prohibit the path from being anything else .

If we

change the path to an incorrect type,
an HTTP error message displays .

Example ? & app . get ("litems/Eitem-id3")

async def read
-

item (item-id : int) :· & here
,

item_id is declared to

be an int
return &"item ID" : item_id3

127
. 0 . 0

.

1 : 8000/items/3 :
The browser

E

"item ID" : 3

3



I
-> But if we change the path to 127

. 0 . 0
.

1 : 8000/items/foo :

What if we want to use a path ~ We can do this by declaring multiple path operations. However
,

we want

parameter
,
but also have a fixed path? to declare the fixed path first

,
because path operations are evaluated

in order.

Why does path operation
& Because when the code is read/compiled?? )

,
the computer only executes the

order matter ? function under the first path operation it sees that matches the current browser

· This is the same reason that you cannot "redefine" a path operation ;↑ path .

return ["Rick"
, "Morty"

Zerossage

app = Fast APIL)

& upp . get ("Jusers")

async def read-users () :

return ["Rick"
, "Morty"

& upp . get ("Jusers")3async def read-users [L) :

when
you navigate to the page

127
. 0 . 0

.

1 : 8000/items/users
,

the first

function is the only one that will ever display since the path matched first.

Example of using multiple app = Fast APIL)

path operations ?
& app . get ("lusers/me") 0 > We have to declare the fixed path

async def read
-

mel) : function for the path "me" first
,

return"user-id" "The current user !
"

3
otherwise the computer would

match the path to the read-users

& app . get ("/users/Euser-id3") function
, assoming that "me" is just

async def read-users (userid : Str) : the
path parameter any for user sid .

return "user-id" : User-id 3



predefined?

I
"mainpy" API File

What if we want the possible
- We can use a standard Python Enum class !

valid path parameters to be
1 . Import Enum and then create an Enum sub-class inside of

your

·Make the class in her it from Enum as well as from str-so that

the API does know that the values must be of type string and

will be able to render them correctly.

2.
Create a path parameter with a type annotation of the name of the

enum class

3 .

Since the value of the path parameter ang will be an enumeration member

and can't be anything else
,

we can use "is" to compare the param.

in put to our enumeration members↑
1.

*

Alternatively ,
we can just directly get the value of the input by using

< your- enum-numbers value

5
.

Our path operation can even return enum members - they will be automatically

converted bother corresponding values (in this case
, strings) before being displayed.

From enum import Enum

from Fastapi import FastAP]

class NetNames (str
, Enum) :

alex = "Alexnet"
all of the available

,
valid

res = "resuet" 3 values

len = "lenet"

app = FastAPI()

the

Capp - get ("/models/EmodName3")
X

2. asyne def get- model (modName : NetNames) :

3. if modName is NetNames
,
alex:

return "model-name" : modName
, "message" : "Learn FTM" 3

4. if modName
. value == "lenet" :

S
. return "model-name" : modName

, "message" : "Goodbye !
" 3
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"Message" : "Learn FTM"

What will the client 1 27 . 0 . 0
.

1 : 8000/items/alexnet :

browser look like ? E "model-name" : "Alexnet",

3

Can we have a path parameter-
> e.g .,

a path operation with a path /Files/E file-paths where

that contains a path itself? the parameter is a path itself
,

like file-path = home/janedoe/my file
.
Ext

·
so the URL would

,
in Full

,
be /Files/home/janedoe/myFile . Ext

> Open API doesn't support a way to declare a path parameter to contain

a path inside

· However
,

we can still do it in FastAPI , using one of the internal tools

from Starlette
,

the class that Fast API inherits directly from

·

the open API does would still work

How do we implement this
,

->

Using the ":path" annotation on the parameter variable.

using Starlette ?
->

For example :↑ app = FastAPI ()

declares that everything

from Fastapi import FastAPI

in the URL after/files/
will be saved as a param

7

& app. get ("/Files/[file-path : path 3") variable of type path

asyna def read-file (file-path : Str) :

return &"FilePath" : File-path 3

The client browser :

localhost : 8000/Files/avikumar/101 :

& "File Path" : "arikumar/101"

3

Recap : What is the advantage
->

by using short & Intuitive Python type declarations
,

we get :

of
using FastAP] For · Editor support

-

error cheeks
, autocompletion, etc.

path parameters ?
·

Data "parsing
"

·

Data validation

·

API annotation & automatic documentation .

·

we only have to declare them once.



What are "query parameters" ?

I
->

Any other parameters that we declare in the def-(path operation)

Fast API : Query Parameters

function that aren't path parameters are interpreted to be
query parameters.

· RECALL : we know if/when it is a path parameter because the path

in get ("1 ...
") will contain a portion enclosed in curly brackets,

indicating that it is a parameter that the function will then use

& a pp . get ("/ikems/Eitem . idy"

What is a query ? -> in a URL
, the query is the set of key-value pairs that go after the

? in a URL . The key-value pairs are separated by& characters

-EX
in the URL http : //127 . 0 . 0

.2: 8000/items/ ? Skip=0 & limit = 10
,

the
query parameters are :

·

skip ,
with a value of

·

limit
,

with a value of 10
fig .I

Example of declaring
from fastapi import FastAP]

query parameters ? app = Past APIL)
type

declaration
& a pp. get ("litems/") -

-

& async def read-item (Skip : int
,

limit : int J :

return &"Skip num is" : Skip ,
"limit num is" : limits

What's the point of declaring

↑
~ Since query params are part of the URL

, they are "naturally" strings.

· the path op . Function takes in 2 parameters ,
an int "skip" and an int "limit"

·

Since they are assumed to be query parameters ,
the executer will look for these

param args in the URL after the character.

skip and limit as type int ? - But by declaring them with Python types ,
the params are converted to that

type & validated against it .

· This is good ; it gives us the same advantages as those described for path

parameters (or prev · page)
Can

query parameters have -> Yes ! Since the query stuff isn't a fixed part of a URL path , they can

default values ? have default values

-> Give query params default values by declaring them inside the function's argument
:

async def read_ item (skip : int = 0
,
limit : int = 10) :

How would this present in
-> if we replace line O in fig . 1 with the line above

,
then going to the URL

the client browser ? local host : 8000/items/Laka no query params) displays thisa

because we set skip and limit to 0 and 10 by default. E "Skip" : 0 :

-> The URL local host : 0000/items/ ? Skip = 0 & limit = 10
"limit" : 10 ; 3

would effectively be the exact same
,

and also display this
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-> localhost : 2000/items/1skip = 13 & limit = aabb would produce/display

->
localhost : 8000/items/ ? Skip = 15 & limit = S

E "Skip": 13
,

"limit" : 53

an http error since it isn't of type int.

How can we declare
query

->

By setting their default values to be "None" !

parameters as optional ? from fastapi import FastAP]

& ,
it is set to "None" by default

& a pp - get ("litems/Sitem-id3") 8
async def read- item (item-id : Str

, 9 : Str/None = None) :

V ↑
-

app = Past APIL) if nothing is provided for

d, ies

> aka
,
ifa None

What does the "l"symbol do? used for 'type hinting' to indicate that g is a Union type , meaning that it

can be any of the specified types

-> Used if
you

want a parameter to accept multiple data types.

-> For ex
,

var : Str/None means that var can either be a string ,
or a "None" type.

We can also just easily make query parameters required/non-optional by not declaring
any default value.

How do we use bool (boolean) Same as any other d . t
.,

for ex:

values as query parameters ? From fastapi import FastAP]

app = Past APIL)

& a pp. get ("litems/")
setting default value of

async def read- item (Short : book False ) : : · Short to False

item = & "Message" : "hello !
" 3

if not short :
if short is False

,
then item is

" in J
·

updated .1. item . Update (2"description : I love Food"3I

return item

What is the "item" object ? -> NEW : notice how we can create an object ("item") that stores the entire JSON

response body ...
which we can then return in the path op function ! As opposed to

directly creating the response in the return statement.

What does "item
. update" do ? - A way to update/add contents to the JSON response stored in item.

-> In the example above
,

the description field is added on

after the item-id field .
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local host : 8000/items/ ? Short = True local host : 8000/items/ ? Short = off

How do we pass a bool query
->

Any of the following would be accepted for the parameter short defined in the example :

param into the URL ? interpreted as Short = TRUE interpreted as Short = FALSE

local host : 8000/items/ ? Short = true Land so on)

local host : 8000/items/ ? Short = on

local host : 8000/items/ ? Short = yes

-> And ever more
,
bl its not case sensitive

.↑
local host : 8000/items/ ? Short = I local host : 8000/items/ ? Short = 0



I
efficient data&error validation.

Fast API : Request Body
What is a request body

?I data sent by the client (like a browser) to your API

s in FastAPI
,
we declare request bodies using Pydantic models

What operation do we use to
-> One of post() , put() ,

deletec)
,

or patch() postC) is the most

send data from the client ? common .

-> Almost never use gett) to send data .↑
·

Pydantic : a Python library for data modeling and parsing that has

How do we declare a request
2. Create a data model that defines all of the fields of the request body ,

and

body ? the data types) that they should accept.

· We declare this data model as a class-specifically ,
a class that inherits

from Pydantic's BaseModel class .

-

we will have to import pydantic BaseModel to

do this

·

Once filled in with data from the client
,

this model will be used to declare a

&SON "object" (like all the browser outputs we're seen so far) that displays

all of the fields.

-> For example , this model could declare a JSON object like

E name" : "Foo",

"description" : "Hello"
,

"price" : 15
. 2 3

2. Create a post() path operation whose function takes the data model

class object as a "body" parameter.

from Fastapi import FastAP]

from pydantic import Base Model

class Item (Base Model) :

Step

1 name : Str
we can give model attribute's

#default values the same way as

description : Str ·

With query parameters .

price : Float/None = None
"

app = FastAPI()

&app. post ("liters/")
Step

2- async def create
- item (item : Item) :

return item



types of parameters at the

I
Function

,
and FastAPI will be able to recognize which is which & then take

can we declare multiple -> Yes ! We can declare body , path ,
and query parameters all in the same

same time ? data from the correct place.

Capp . put ("/items/Eitem-id3" (

async def updateItem (item-id : int
,
item : Item

, query : str ="hi") :

----

How are the function parameters
-> if the parameter is also declared in the path

,
it will be used as a path

recognized ? parameter .

-> if the parameter is of a singular type-like int
,
float

,
bool

, stretc .

It

Will be interpreted as a query parameter.

- if the parameter is declared to be the type of a Pydantic Model
,
it will↑

return---

be interpreted as a request body.



(from the Frontend) ?

I
(such as GET

,
POST

,

PUT
,
and DELETE]

Lecture Notes - Observables and HTTP Client

What do we specify when
-> A Few things :

making an HTTP request
2. The action that we want to perform - aka one of the HTTP methods

2.
The API endpoint

- refers to the URL where your APL is available

endpoint 25x1 . Unc . edu/api/organizations
· THIS URL is where all of the JSON schemas with the daka are

displayed (like the examples from the FastAPI tutorial !)↑
·for example ,

the API for the esxl organization page is at the

3.
coccasionally ,

not always) a request body : data that you are sending

along your request
Where does the frontend connect >

Angular services ! The same ones we've been using
to the backend ? · The service class is where we make the HTTP requests

·

service classes are responsible for calling the correct backend APIs

What is the "HiTpClient" ? ->

Athing built into Angular that allows the service class to make HTTP requests & receive

HTTP responses Example
Doesn't include

·

inject the HTTP Client object into the service class' constructor params or

return type...

Example in an Angular Service export class Assignment Service E keepreading !

class ? constructur (protected http : HTTPClient) []

getData()E
-

this is the 'API endpoint

this .http . get
< T > (/api/organizations) 3

What are the HTTPClient - They correspond by name to the HTTP methods :

the data that we want to send
methods ? · http . get < T > (Ap[endpoint) ;

- to the backend
- in the form

·

http . post<T) (AP1 endpoint
, requestModel) ; of a data model Laka

TypeScript interface)
·

http . put < + > (ApZendpoint
, requestModel) ;

·

http . delete < + > (API endpoint/ + id) ;
·

the type ,
T

,
is the data model that API works with --aka a

What is the return type of these TypeScript interface !

methods ?
~

an Observable (4) object,
where T is the data model !

What is an Observable? Park of the RxJS package
-> represents an a synchronous stream of data

-> To access a value from an observable
, we subscribe to it.
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> Whenever/every time that a new value/data appears in the stream

,
it

Example of subscribing to ana
my Observable

. Subscribe (CnextValve) = E

Observable ? Console . log (nextValues ; &
3) ;

~ the subscribel) method takes a function as a parameter

is populated into the parameter input of Subscribe - in this case
,

the

W
·

then
,

the function that we provided will be run (every time the value is updated

So how is this Observable used -> Revised example of an Angular Service class :↑
nextValue field.
-

in the Angular Service (with export class Assignment Service E specified return type of

HTTP Client) ? the method
,
where

constructur (protected http : HTTPClient)23 Assignment is the

data model that API

getData() : Observable ( Assignment 2] >
works with

return this .http . get< Assignment (3) ("Japi/assignment) ;

3 4
making an HTTP request to the backend API

Explanation of how this code > RECALL : the FastAP] Python file contains a bunch of path operations

connects to the API ? (labeled by the @capinames decorator)
,

each of which specify & things :

2. An operation - i
. e . get , put, post ,

etc.

2. The path associated with the operation function

· Then
,

under each of these path operations is a path operation function
,
which

is essentially a method that performs some task regarding the data (which

it receives from the backend service)

~ for EX
,

the assignment . py
API File for the above example might look like :

api = AP2 Router (prefix = "/api/assignment")

Capi . get ("")
parameter

from

def get - assignment (backend service ( :

return backend Service. assignmentList()

· the above method returns an Assignment[] list through some method from the backend service.

-> So BASICALLY
,
if we want to execute the task/code of one of the apioperations

from the frontend (service class)
,

we use the HTTPClient method and pass in the

"path" of the operation which we want to execute & use !

· In this example
, calling this .http . get < Assignment (3) ("Japi/assignment) ;

successfully routes to the APIs get- assignment function because we passed in this endpoint,

and get("") refers to the Router endpoint prefix
,

so its a match !



How do you use the object

I
· Since the returned object is an Observable Lolata model) ,

we can't just

returned by the HTTPClient directly call the method to return a data model object .

Methods ? -> Instead
,
we call the method which returns an observable

,
& then

subscribe to it& provide the desired code inside the function thatsubscribes)

takes as a parameter .

Example ? - export class Assignment Service E

constructur (protected http : HTTPClient) []

getData() : Observable ( Assignment 2] >

return this .http . get< Assignment (3) ("Japi/assignment) ;

3

In another frontend class :

myAssignment Service
. getData() .

Subscribe () assignments) => E

console . log (assignments) ;

3) ;

(to print the list of Assignment objects)

want to use Observables
↑

be synchronous and we would block on the functionwall-meaning

Why would the HTTP client- if we waited on the server directly to process what it needed to do
,

it would

instead of returning the value
· ur

program would stall and become choppy

directly ? ->

Basically ,
we useObservables for asynchrony.



Tech Stack Diagram
The Backend

The Frontend

User navigates Active view Pydantic
to a URL

-> that the user sees & interacts with

-
which is provided N

↓ AppRouting Module

Models
connecteats

to

W -DanSe a
(Angular components)

Angular

· s
The

complete

& -
-

-

-

component Typescript
Derentaing 1 &

Functionality of your component

M ---

services send data
& I·

components

Callutiea

FastAPI 3

> Backend
- to retrieve data

- for components to display in the US

- services are injected into

-

5
DataModels AngularServices &

Services
& · centralized data source for multiple &

components L J·veagsDesailable to components thosa
6

2. Pydantic models define the structure of data that is sent out by the backend APIs

2.
They also define the structure of data that FastAPI expects to work with

3. FastAPE calls service functions to perform CRUD Create
,

read
,

update ,
delete) operations on the backend data.

(services are injected into FastAPI)

↓ .

Services send a response (either data
,

a message ,
or an error) based on the type of CRUD operation that was performed.

· This response will ultimately be sent to the frontend across HTTP

5.
HTTP Request (aka API CALL) : services connect to the backend by calling APIs Using an HTTP Request (see lecture notes

· the specific request path and type (HTTP method) determine the type of data received in the HTTP Response

6.
HTTP Response : Depending on the FastAPI path and request type,

FastAPI will reply with a response.

·

response either contains the data requested ,
or it may be an error with an HTTP error code

.

·

No matter the type ,
the Angular service must be able to respond to any type of request.

↑
->

our API is made up of a bunch of routes that are a combination of one of the HTTP

methods
,

& a URL extension (after /api)

↑
main . py is the kop level api file.

APIs
,

like Angular components
,

also have their ownwouters for ORLs

·

in main
. py , you can define a list of other API python classes that contain API requests & other

code thats more specific to individual parts of the CsXl website

-
Definition/notion of "the backend" :

·
we define some functions

·

We add an annotation to those functions specifying the route and the method that we want them to respond to

· we implement it and (typically) back it up by a service.



Quiz Review

I
-> PUT : sends data from the Frontend TO the API

(to "create" data
,when used by FastAPI)

-> GET : sends data from the Server (aka API) To the web browser

Jaka frontend) ...
to retrieve data (when used by FastAPK

-> HTTP header fields : a list of strings sent & received by both the

client program & the server on every HTTP request & response.

·

processed & logged by the server & client applications (not

visible to end-users

·

possible fields : Content - Type , Accepts
, Content-length ,↑

-> PUT : to update data

> Status codes are included in HTTP Responses (client - server

->
HTTP status code meanings :

·

200-level -- issue on client-side

·

300-level -- redirection message
·S00-level -- Internal Server error

->

Inject backend service into API function :

def Function (Service : Service = Depends (3) :



Class 2126

I
Angular Web App

FastAPI ->
Backend -

ORM

FRONTEND BACKEND

Web Browser

service& server &
services

&

- Data doesn'tgave when we restart our Python/Cloud server

-> we need a third tier : persistent storage↑ -> persistent storage

#

SQL

RDBMS

FRONTEND BACKEND

Web Browser

Angular Web Appmor
What is RDBMS ? -> Where data lives ( ? )

- Relational database management system
What is SQL ? -> Structured Query Language

- a declarative language
· just used to specify what you want (and make "queries")

What is the ORM layer ?
-> ORm = Object Relational Mapper
-> "SqAlchemy" is an ORM

-> the RDBMS is what lets us store long-lived storage for our application

·

storing it here rather than in the frontend or backend brings

powerful capabilities.

-> RDBMS is a separate component from frontend or backend ; it is postgress
-> RDBMS gives usTransactions which have ACID properties

* - ATOMICITY : all commands in atransaction succeed
,

or none do
.

· implies that order of transactions doesn't matter

&
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Middle my when its running

-> With RDBMS
,

because of the ACID property ,
we don't

really have to worry ab the program crashing in the

& C :

Consistency- after a commit
,

the database

constraints must be satisfied (else transaction

won't suceed)

- fur ex
, size limits on int fields

,
fields that have

to have each val. unique ,
exc .

isolated from one another

· ala it is synchronous ?? idk↑ & 1. Isolation - concurrent transactions appear

&
D : Durability

- when a commit succeeds
,

its data is

Safely stored



SQLAlchemy

I
2·

Angular Services - help to fetch& update data for your application

RECAP : What layers of the ~ From top to bottom :

tech stack have we learned so far? 2.

Angular Components - what the users see on each
page I frontend

3.
FastAPI -

expose data to Angular services across HTTP I backend
4.

Backend service layer - called by the APIs to manipulate data

What is the last functionality ~ A place to store data such that it persists (is saved Forever

still missing ?
·

Currently
,

our data doesn't save-if we refresh our page/server or restart our

project , all the data we worked with dissappears.

What component fulfills this -> the database ! Adurable container that stores our data such that it stays intact,

need ? whether we

-> refresh the
page

-> restart our project

-> or update our live deployment (on Cloud Apps)

> Our storage for persistent data

-> thecore component of the final layer of our tech stack.

What kind of database will werse ? -
a PostgreSQL relational database↑

-> Each row usually has a primary key

What is a relational database ? -
a database that stores data in tables with rows and columns

· each column represents a field of data
,

and has a distinct
,
defined

daka type

·

rows represent entries of data

What is a "primary key" ? -> a unique identifier/valve that serves as a sort of ID for each row.

Example of a table ? Table User :

PID(P) name ONYEN

1 IIIIIIII Sally Student student

999999999 Rhonda Root rroot

-> the fields are PID
, name

,
and ONYEN

~ the (4) denotes that a field is a primary key & can be used to identify a

row .

How do we interact with relational > Using SQL (Structured Query Language) ,
a declarative language used for

databases? database manipulation and creation.

· we can use it to store & process info within a database.
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or grab the data of a specific entry by referring to its primary key :

How do we use SQL ? > We can grab every entry from a table with the expression

SELECT & FROM clable name

SELECT a FROM Stable name> WHERE < primary key Field name) = <primarykeyid
EX

SELECT FROM User WHERE pid = 999999999

What is SQLAlchemy ? & the primary "SQL toolkit"We'll use to interact with our (PostgresSQL) database.

-> A "Python Library"

· kind of a bridge between the existing (Python) backend services and

the data in our database↑ ) allows us to connect to our SQL database from Python to manage data.

· allows us to perform CRUD (create ,
read

, update , deletes operations

-> A much better option than writing & executing pure SQL queries in Python

Why is SQLAlchemy a better >

Many reasons :

option than manually writing & -> SQL queries would be translated as strings in Python ,some have to then manually

running pure SQL queries ? build them up with concatenation & etc.

· this is messy & error prone

· VS SQLAlchemy : handles the SQL query
creation process for us

- wejust

have to call certain methods to perform desired actions.

~
running string SQL queries on the database is difficult & would require us to

write a lot of extra service code.

-> security risks : Malicious SQL queries could easily be run on the database

·

could cause major issues·

· US SQL Alchemy
:

mitigates Such attacks & handles which data should

& shouldn't be accessible

-> SQL Alchemy handles the conversion between SQL data and Python objects
·

ala puts the data in a "Pythre Format"
,
which makes it super easy to interact with

& write to /modify the data that we receive from the database) in Python.

-> with SQLAlchemy ,
we don't have to worry about what type of SQL database

is in place-standardized way
to interact w/ any of them.

· there are diff types of SQL databases - like PostgreSQL , MySQL ,
SQLite,

etc.
- which have slight variations

, either in features
,
the data types they

support ,
and so on.



How does the addition of -> 2 new additions : the database
,

and the SQL Alchemy Session in the backend !

the Postgres SQL Database

I
·

Models

-
-

-

-

I

N

~
the session can read the

Database

change our stack diagram ? Frontend Backend

Pydantic SQLAlchemy Session

theSessionaatabase
,

PostgreSQL

describes the structure & style of
the component

-23 database toretreate

& -

petstdispyite
a

Fast API 3

> Backend

rvices

2. Description of the SQLAlchemy Session :

· created in the database
. Py File in the backend

· is then injected into backend services so that they can perform operations on

the persistent data storage (database )

↓ AppRouting Module

↑
AngularServices

S &

1

-
Services

ackend

John so this is where "backend services" actually gets the data from !!)

2.
Backend Services call methods on the SQLAlchemy Session to perform CRUD

operations on the database .

3
The SQLAlchemySession responds to the backend services with data from the database

The

User navigates
to a URL

-
which is provided

connects

W De
Angular from browser

.

py
components

- SQLAlchemy Core and ORM

·
·

SQLAlchemy is a Python Library whose functionality is broken up into

2 parts : the Core and the ORM.

DataModels
What is the SQLAlchemy

->
contains the base features that allow SQuAlchemy to function as a "database toolkit" :

· the Interface things

w/ only properties De core ? · the logic needed to run SQL queries on the database & to retrieve results - this
(no methods of d

exp

means that we'll never have to write plain SQL code in our backend files.

· features to manage a constant connection with
your database

,using the

SQAlchemy Engine .

What is the SQLAlchemy ~ ORM = Object Relational Mapper

Orm ? ~ the Orm extends the base functionality of the Core to add OR mapping functionality.
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backend by converting data from the SQL Tables (in SQL format) into

-> Enables you to easily transfor data between your SQL database and the Python

the formal of a traditional Python object called an entity.

session ? ·

eliminates need for pure SQL code (to run commands

->
Included in the ORM .

-

SQLAlchemy Entities -

What is the 'SQLAlchemy

↑
-> an object that you call to run SQL commands using Python objects

What are entities ? -> RECALL : the PostgreSQL database represents all of our data in the form

of tables (columns = data fields and rows = data entries

->

Entities are basically a way to represent the tables of the database in

Python code as a Python object that we can then work with in the backend

· the database is in a diff language ; we can't just read from it using Python code/

methods- we first need to convert it into a format that Python understands.

What do we use SQL Alchemy
·

to represent the expected shape of what our tables should look like so that

entities for ? if we wanted to write/add to the SQL database (like creating new tables),

we can use the Entity/structure as a guide.

->
to take data that we read from the database ,

& represent it as an object

Of this structure -aka an entity object .

How do "entities" actually look In actuality
, entity structures exist as Python classes

in Python ? · Each entity Python class serves to represent one table from the database.

·

Entity classes will need to use certain methods to map data from the database

(and such tasks) - these are provided by the SQLAkhemy ORM !

· specifically
,

we car import the Declarative Base class From the ORM

·

all of our entity classes should extend from (RECALL : Inheritance,

subclassing ,
etc. ) Declarative Base

1.
How should we structure our create a class that serves to act as a superclass for all of our entities

entity classes within the backend ? · the class Inherits Declarative Base but otherwise empty - its just for structural purposes,

entity-base . py :

from sqalchemy.
orm import DeclarativeBase · importing from the SQLAkhemy

ORM

class Entity Base (Declarative Base) :

· Python syntax to declare

a class that a class is

pass extending from

(Class Avocado extends IngImp)

2.
create entity classes for each table in the database.They should extend from

Entity Base
.



class to make a table for

I
relational database columns.

How do we create an entity
- When we create entities

,
we are mapping Python class Fields to SQL

the database ? & EX
creating an entity to represent the organization table in the Csxldatabase

How we want the database table generated by Organization Entity to look :

Table organization

id (* ) name description public

Dint) Xstr) (Str) (bool)

- I - I - I &
-

-

-
-

- -

11

1 .

Map the entity class to a table from the database using the syntax

tablename = "name of table"↑ 2.
Add a class field for each column that we want thebable to have

, using

SQLAlchemy syntax.

Field-name : Mapped [Pythond. t . of Field] = mapped _
column (SQLdt . of field)

· SQL RDBs have their own data types that correspond to Python ones :

Python SQL

Str c string
ink & Integer

bool & Boolean

Whatis Afrection from SQLAlchemy ORM . In addition to datatype ,

it also takes other

mapped-columnc) ? optional arguments that specify details about each column
,
such as

· Boolean primary - Key
: denotes if a column is a primary key.

· Boolean nullable : defines whether a column's entries are allowed to be blank.

· Boolean auto increment : allows a field's values to be automatically populated in increasing order

· default : defines a default value to be filled in for
every entry's valve

for that column . Type should be same as the field data type .
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from satalchemyorm import Mapped , mapped column I the superclass which

Example of an entity class organization-entity , py

For the "organization" table ?
from Sylakchemy import Integer, String ,

Boolean

·

required imports , including

inherits Declarative Base

from entity-base import Entity Base

entity class inherits the

class Organization Entity (Entity Base) : ·

base entity superclass

·
maps OrganizationEntity

tablename -= "Organization" to a table in the Postgres
SQL database named

id : Mapped (int) = mapped-column (Integer, primary -Key -

name : Mapped [str] = mapped -
column (String

,
nullable = False

,
·

Class fields↑
id : int

= True, auto increment =True)

organization

default = ""

description : Mapped [Str] = mapped -
column (String)

public : Mapped Estr] = mapped-column (Boolean
,
nullable = False,

default = True) &

RECALL : What is apydantic ~ Pydantic Models are data models that we use to define the structure of data

Model ? that is sent to FastAPIs (like in response bodies)

·

created as a Python class object that inherits Pydantic's BaseModel class and

defines all the fields as well as the DiT
. S they should accept (similar look to

a TS interface)

·

The Pydantic Model class is declared inside of the backend api .

py
file.

· for ex
,

a Pydantic Model for organizations :

class Organization (BaseModel) :

name : Str

description : Str

public : bool

What is the difference between an
-> Conceptually ,they seem very similar - both serve to define the structure of and

Entity and a Pydantic Model ? "represent" our application's data.

-> However
,
it is important to separate these 2 items because there are cases

where the data that the API exposes & What data is ac stored in the

database are different from one another .



I
->

exist as class objects that inherit from BaseModel - aka "API-formatted"

What is the difference between an Pydantic Models

Entity and a Pydantic Model ? - represent the shape of data transferred by the backend's API ;
· data sent to the API from the client/frontend via request bodies.

· data sent to the API from the backend service via Service function calls .

SQLAlchemy Entities

-> represent the shape of data used by the PostgreSQL database

· data sent to the database (creating new tables ; updatingtables)

· data retrieved/read from the database

-> exist as class objects that in her it from Declarative Base - aka "SQL

Alchemy- for matted
"

So how do we retrieve data ~

FastAPI only works w/ Pydantic Models--so we can't just pass over the

from the PostgreSQL Database SQLAlchemy Entities that were created

to access in the API ? ↑ -> Instead
,

the Backend Service first calls methods on the SQUAlchemy Session to

receive data in the form of entities

· Then
,
it converts the entity into a corresponding Pydantic Model

·

Finally
,
it sends this Pydantic Model to FastAPI when requested.

How do we add data from the
->

rice versa : when we need to add data received from the frontend

API to the PostgreSQL Database? (via FastAPI) to the SQL database (via SQLAkhemy Session) :

· the Backend Service Converts Pydantic Models that it receives from

FastAPI into entities

·

then
,
it sends these entities to the SQL Alchemy Session by calling methods on it.

How does the Backend Service
& By calling helper functions that we can define inside of our SQLAlchemy

execute these conversions ?
Entity classJaka OrganizationEntity) !

Method to convert an

~ To convert an existing instance of an entity into a new Model object :

entity into a model ? · create an instance function in the entity class

organization-entity · py

class Organization Entity (EntityBase)

// ... (other code

def to-model (self) > Organization o
specifies the return type

returnOrganization) .
· creates & returns a new Organization
(which is the data model) object

id = self id
,

name = self . name, Where all of the fields are set

description = self. description ,

to the values of the corresponding
fields in the current instance of the

public = self , public Org Entity object.



mean in this Python class ?

I
-> the self keyword as a parameter indicates that the function will be using the current instance of its

What does the self Keyword
-> Refers to the current instance of the class-kind of like the "this" keyword in Java.

class object (aka an OrganizationEntity object) inside the method body.

-> it's sort of an "invisible" parameter when calling a function that specifies self as a

param ,
we don't actually have to pass anything in

· bl we are already calling the function from an existing instance of the class ; no new

info needs to be passed in

· i
guess its more of some syntactical (annotative thing specific to Python ? idk

·

In Java
, we never ask for "this" as a param . bk its redundant ...

(4)

How would we use to-model ? " In the backend service
, say we have an existing OrganizationEntity object "entity1" :

my -model : Organization = entity1
. to model ))

method to convert a model -> to convert an existing Pydantic Model into a new entity object ,
we can define a

into an entity ? static method in the Entity class that takes the Model object as a parameter :

organization-entity · py

class Organization Entity (Entity Base) :

// ...
other code

def to_model (Self) -> Organization :↑J in Python ,
static methods are declared

(implementative hidden) /I

eclassmethod . · with the e classmethod decorator

def from
_

model (CIS
,
model : Organization) (self :

W

return cls ( &
indicates that the return type is an instance

id = model. id, object of the class (OrgEntity) !

name = modelname
S

description = model. description

public = model· public)

What is the Cls Keyword in Python? (it refers to the class that a static method (eclassmethod) is acting on.

-> Is automatically passed in as the 1st parameter for static methods.

How would we use from - model ? - In the backend service class
, say we have an existing Organization Pydantic model

1

named model 1" :

my _ entity
: Organization Entity = Organization Entity ·

from - model (model 2)
&

takes the model obj as a parameter



& session fil into our backend

I
structure of data from SQLAlchemy Sessionentities define the

SQLAkhemy the SQL database tables
· created in the backend's database. py

stack ? that hold the app'sEntities
data

file and then injected into backend

& serviceso that they can perform operations
on the database

.....
entities define the structure of

data for - requests to -
and

i
responds to the

Session/database backend services

call methods on
backend services

the SQLAlch Session With data from

How do the SQLAkhemy entities

↑
the frontend

,

- results from - the SQLAIch

"

&

Y

"

A

W

the session

to perform CRUD
the database-

in the form of
operations on the

Pydantic database Entity objects

...
Models

define the structure of data ----

-
"

that the backend service

FastAPI sends to the fronkend

'

....

·Sends to FastAPI
, & that - i

is
W FastAPI calls service

functions to perform
CRUD operations on the

backend data .

Fast Backend Services
[ API S
the response

services send a response

fromthea Leither data, or a message
ultimately or an error) based on the
gets sent to CRUD operation performed

a cross HTTP

Connecting to the Database

> RECALL : When it comes to accessing the SQL database for our application,

the backend service is the component that is ultimately responsible for

making that connection which it does by using SQLAlchemy.
How does the backend service ~

By Using a SQLAlchemy Session : the object that actually establishes

access SQLAlchemy ? conversations with the database this is the object that we use to interact w/

our database from the backend service

· We expose the SQLAlchemy Session as an object that can be injected into each service.

Where is the "Session" -> In a separate backend File (for CSX1
,
its called database . py) ,

where an engine object

created ? is created to establish the initial connection with our database.
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-> The engine reads our application's · enr environment files which contain

What is the SQLAlchemy > A feature of the SQUAlchemy Core that enables us to maintain a stable

Engine? connection to the database

· It manages a constant connection (With the DB)

important
,
secret ( ? ) information about how to access the database

def
_ engine-str (database = getenv ("POSTORES DATABASE")) (Str :

--r

user = getenr ("POSTORES _
USER")↑

· For ex
,
here is a code snippet from database , py where the engine is established :

password = getenv ("POSTORES _ PASSWORD")

host =-

port =...

return
"...

"

engine 2 = Sqlalchemy . Create - engine (
_ engine -str()

,
echo = True

How is the SQLAkhemy Session (with a function
,

db-session
,
that uses the engine object to return a Session

created in database
. py ? object. It creates a singular ,

shared instance of the session
,
for all services to use.

· In database
. py , right under the above code snippet,

def db
-

Session () :

session = Session (engine

try : yield session

finally : Session .
Close

How do we inject theSession > By using the Depends() syntax to inject it into the backend service's

into
our backend Service ? initializer method :

class Organization Service :

definit (self
,

session : Session = Depends (db-session) :t
initializes the

self. Session = Session OrganizationService'

Session
---

· We can now access the shared db-session using the service class'
· Session field !
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Update : Modify existing rows on the table

CRUD Operations on the SQL Database

What are the CRUD operations > Create : Add new rows to the table

in the context of Saldatabase? Read : Retrieve existing rows from the table

Delete : Remove rows from the table

· RECALL : CRUD for request types that the frontend sends to the backend API:

Read : GET Delete : DELETE

~ We perform CRUD operations in the backend Service file(s)
, using the

SQLAkhemy Session in our entity .

What is a transaction? What SQLAlchemy uses to perform CRUD operations

·

Purpose/Main idea : to denote an all-or-nothing collection of changes

to the database
, meaning that either :

from the database ?

↑
Create : POST Update : PuT

· all of the requested changes should happen to the database
,

or

· none of the changes are performed e . g .,
if something happens to cause any of the changes to fail.

· Super important because it ensures that the database is always in a consistent

state even if errors occur (like a power outage , connection dropped in middle of

transaction
,

failure of a modification
,

etc. )

- Reading Data-

How do we read data By creating a guery
: a request for data.

· We create queries using the select function imported from Sylalchemy , and we pass in

the entity class that represents the desired table

· be at this point, we have already created entity classes (like OrganizationEntity) for

every table in the PostgreSQL database .

How do we retrieve all of the data <EX in the backend service class "OrganizationService" (in/backend/services/organizationpy
from a particular table in the DB ? 1 .

create a query for the desired table :

from Sylakhemy import select the required import

query = select (Organization Entity
2 -

Use the service's session object to find all of the rows :

entities
=self. -Session

. Scalars (query?al2↑

↳ ↳ use . all) to return all of the
RECALL that we injected the rows are

Scalars (rows) that match the
denoted asSQL AlchemySession into Orgservice's
"sculars" query

initializer
, and refer to it using this field.

What is the data type
~ A list of entity objects !

returned by Self-session
.

S RECALL : a SQLAkhemy Entity class represents a table in the database
,
while every

Scalars (query) .all) ? instantiated Entity object represents an entry in the Saltable that the class defines.



I
(and then put all of this into a method in the backend service ! ) :

3. Convert the list of entity objects into a list of pydantic model objects using
↓he already defined to-model () function

·

Final version of OrganizationService :

class Organization Service :

def in it (self
,

session : Session = Depends (db-session) :

self. Session= Session

def to_model (Self) -> Organization :

---

eclassmethod

def from
_

model (CIS
,
model : Organization) (self :

-

def all Data (Self) (listOrganization] : · 8

Organization Pydantic↑ entities = self.-session
. Scalars (query) . all()

returns a list of

query = select (Organization Entity Model objects

models = Centity ·
to-model) for entity in entities]

return models L
Python syntax trick that performs the following for loop in one line :

models = []

for entity in entities :

models. append (entity . to -model()

How do we retrieve all of the >Using the query builder : instead of passing the table's entity class into

data that matches some Select()
,
we pass it into the session object's Session . Query() function

condition ? ~ Then
, we add filter conditions to our

query using Session. query) C
.
Where

·
Finally

,
after adding filters

,
call

, all) to get all rows of data that match

the Filter .

Example? · Say we wanted to retrieve all rows of the organization table where "public" = True :

in Organization Service

def all public (self) > list [Organizations] :

entities = Self-session. query (OrganizationEntity

· where (OrganizationEntity public = = true

· all(]

return (entity .
to-model) for entity in entities]



entry from a table ?

I
Session'sget) X

, y) method
,

where

How do we retrieve a single> By querying
the element based on its primary key , using the SQLAlchemy

·

X = the desired table's entity class

·

Y = the primary key

Example ? & Say we want a function to receive an organization table entry by its ID :

def get-by-id (self
,

id : int) > Organization :

entity 1 = self.-session , get (Organization Entity
,
id)

· takes in the desired ID number as a parameter

·

. get 1) returns a single entity , so we return a single Organization model

Writing Data

How do we write (add) new > Using the SQLAlchemy Session's add() function !↑
2.

return entity1 to model ()

method.

data to the database ? ~ Ex Say we want to add a new organization to the "organization" table in the

database .

2.
In the backend service

,
create a new create) function that takes in

a new organization as a parameter :

· Since we are receiving the new data to be added from the frontend via the

AP1 , this parameter will be in the form (D .
T. ) of a Pydantic Model :

Convert the model input into an entity and use addd) to add it to our

transaction :

1
def create (self

, Org : Organization) <Organization : Converting model to entity

using the OrgEntity

entity 1 = Organization Entity ·
from model (org) ·

Class' Static conversion

self. Session. add (entity 1)

Has the data successfully been
- No , not yet. Because add) mutates the state of the database

,
it first appends

added to the DB at this point?The action to the current transaction ,
to be committed with

any other changes in

accordance w/ the transaction all-or-nothing principle .

· Similar to staying and then committing in Git.

How do we execute the 3. Call the Session's commit) method (in the create() Function) :

"transaction" ?

Code EX on next page
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self. Session= Session

"Final" version of OrganizationService :

class Organization Service :

def in it (self
,

session : Session = Depends (db-session) :

def to_model (Self) -> Organization :

---

eclassmethod

def from
_

model (CIS
,
model : Organization) (self :

-

def all Data (Self) L listOrganization] :

---

def create(self
, org

: Organization) <Organization :

entity 1 = Organization Entity. from model (org

self. Session. add (entity 1)
Now

,
the database↑ G

self. -Session
.
Commit 2) · ·

is updated

return entity . to-model ()

we have our function return the object that we created - in model

form-to ensure that it has been created correctly

Deleting Data

How do we delete data from > Using the SQLAlchemy Session's delete () function !

the database ? -> delete() takes in the table entry aka a rowja single entity object that

should be deleted from the dababase
.

· Similar to created)
,
we must commit the delete action to execute the transaction

.

Example ? ~ Ex Say we want to delete an organization from the "organization" table in the

database
, by its ID.

1.
Obtain the entry/object that you want to delete using the Session's get () function

CRECALL from "reading data") section.

2.
Pass that entity into delete()

3 .

Call the session's committ) to execute the action .

(backend Services OrganizationService :

class OrganizationService :

--

def delete-by-id (self
,

idNum : int) :

entity 1 = self.-session
, get (Organization Entity ,

idNum]

self
.
_

Session .
delete Centity 1)

self ._session . Commit()



For data that matches

I
daka from a table that matched one condition.

Advanced Querying Techniques (for reading datal

How can we make a query
· RECALL that we used query (Entity Class) · where (condition) to retrieve all of the

multiple conditions ? ↑ To create a query
for multiple conditions which all have to be true basically the

boolean && logic we can either :

*

use multiple .
Where 1) calls one after the other in the same line

,
or

B .

Pass all of the conditions into a single where) call
,
as multiple arguments.

Example ? ~

Retrieving all organizations that are public & that have "Carolina" in the string name

in the 'name' Field :
-helable that we want to

- searchA
entities = self

.
-Session query (Organization Entity

·Where (Organization Entity public == true)
the "in" Keyword is used to

·

where <"Carolina"

inorganizationality ,name) asearchstringtype isis

. all()

B .

entities = self.-session. query (organization Entity

·Where (Organization Entity public == true
," Carolina" in OrganizationEntity.name)

. all()

data that matches either

↑
& To create a query

for all data entries where at least I of multiple specified

How can we make a query
for ~ A . K .

a
., boolean "OR"logic (like the 11 operator)

of multiple conditions ? conditions
,

we can use the Python OR operator
,

"

8" :

E Query for all organizations that are either public OR have "Carolina"

in their name (or both) .

entities = self.-session. query (organization Entity

·Where ((OrganizationEntity public = true) / ("Carolina" in OrganizationEntity.name)

. all() C
.

when using the "OR" (1) operator, all conditions must be surrounded by

parentheses or unexpected errors could occur .

What if the conditions are alternative s We can either do the same syntax as above
,

OR use the in 2) method shorthand.

values for the same field ? Ex
query for organizations with either of 2 org names

:

entities = self.-session. query (organization Entity

·Where (Organization Entity name. in (2"CS+So"
, "VRClb"])

. all() ↳
pass the options into in-1) as arguments



What are database

I
& They define the connections between the tables in a database

,
and allow

Database Relationships

relationships ? for tables to reference other tables (like pointing to other tables' entries
,
forex

& 3 main types of database relationships : One-to-one , one-to-many ,

and many-to-many relationships.

· Depending on the relationship you want to establish
, you'll need to modify your

SQLAlchemy Entity classes for the respective tables accordingly.
What is a one-to-one

~ Each item in one table points to at most one item in another table
,

and rice

D . B . relationship ? Versa .

> EX Organizations and their Presidents.

·

concerns the "organizations" and "user" tables

· Each organization only has I president ,
and each user can be the president of↑ at most I organization.

What is a one-to-many D
. B. > Each item in one table points to many items in another table

,
but items in the

relationship ? other table can point to at most one item in the original table

& EX Organizations and the Events that they host.

·

concerns the "organizations" and "events" tables.

· Each organization can host numerous events
,

but each event only has I

organization that hosts it.

What is a many-to-many
· Each item in one table can point to

many
items in another table

,
and vice versa.

D. B
. relationship ?

& EX Events and their registered attendees (vsers).

·

concerns the "events" and "Users" tables

· Each event can have many registered users
,

and each user can also register for

many events at once.

Implementing a One-to-one Relationship

·
Lets use the "organizations & presidents" example from above. We can imagine

the 2 tables in the SQL Database to look something like this :

gatio
Table users

I
(other various fields) . r .

Fina.& = =j = =

- -

> RECALL that each of these tables is represented by an OrganizationEntity and UserEntity

class (respectively) ,
where each column in the table is a field in the entity.

~ RECALL that "* "denotes a primary key-the unique identifier for a row in the table.



What is a foreign key ?

I
~ In a database

,
it is a field (column) that refers to the primary key of

·

thus allowing you to reference records in a differentbable based

on their unique ID

> Creates a relationship between 2 tables in a DB

The
building block for database relationships !

Where do we implement the idea 'If we want one DB table's entries to reference another's
,
then we would want each entry

of a "Foreign key"
? to store the primary key value of the other table's entry that it is "linked to"

·This is the purpose of a foreign key column/field.

> EX Adding a field to the organization table that stores the PID (which is the

PK*
of the user table) of each organization's president :

Table organization

in t intbrafis
.. president-paa

-

- I =↑
another bable ·

= True, auto increment =True)

-

-I

· The <
symbol denotes a foreign key field.

So how do you add a foreign key ~ RECALL that we use mapped-column () to define fields in our table :

field to a table's Entity ? id : Mapped Cint] = mapped -column (Integer , primary - key
= True

,
autoincrement =True

-> To generate a column that contains a foreign key ,
we can pass a "Foreignkey 1)"

object into the column via mapped-column

·

Foreignkey)(takes the column of the other table you want to reference as

its parameter ,
in the format "table

-
Field"

Ex ? > In Organization_ entity
, py :

class Organization Entity (Entity Base) :

tablename
-

= "Organization"

id : Mapped (int) = mapped-column (Integer, primary -KeyAname : Mapped [str] = mapped -
column (String

,
nullable = False

· president-pid : Mapped Lint] = mapped-column (Foreignkey ("User . pid")) ,

2
passes in the "pid" column of the "user" table

How do we actually access the -just creating a foreign key field isn't enough
- each organization entry needs

entity object from another table
?To be able to access the UserEntity object that its "president-pid" field refers to

> We establish this connection using SQLAlchemy relationship fields.

What is a relationship field? Fields in the entity class that do not exist in the table as columns but

their values are automatically popriated by SQLAlchemy when data is being read.

-> This is how we populate our entities with data from relationships .



I
is a list of all the organization entries' respective president pids.

What type of object is a
- relationship fields are

, just like
any other field

, basically a list

relationship Field ? of data - it just isn't displayed in the D . B..

-> For ex
, Organization Entity

.
name is an object which is a list of all the names

in the "name" column of the table
. Similarly

, OrganizationEntity , president-pid

How do we define relationship ~ In each entity class
,

we create a relationship field that points to the

fields that point to one name of the other entity's relationship field

-> To create a relationship field
,

we use the relationships method

rather than mapped-column () .

- Syntax :<field names : Mapped 2"other Entity class' name"

= relationship (back-populates = "Other relationship field's name")

-> Here are our Finalized OrganizationEntity and User Entity classes after

establishing the one-to-one relationship :

another ?

EX ? ↑ -
table name -

=
"

Organization" I table name

OrganizationEntity

class OrgEntity <Declarative Buse) :

id : Mapped (int) = mapped-column (Integer, primary -Key

I= True, auto increment =True) fields

name : Mapped [str] = mapped -
column (String

,
nullable = False

president-pid : Mapped Lint] = mapped-column (Foreignkey ("User
- pid")

relatin
on

7
Stores the user data Field

of an organization's- president : Mapped[UserEntity") = relationship (back
- populates = "president-for')

↓
president. says that the data type of the

pointing to the relationship
president Field is a UserEntity object .

Field in UserEntity .

-> SQLAkhemy is smart enough to know to populate the president field with the User Entity
object with the same PID as the value stored in the president-pid field .

UserEntity
class UserEntity (Declarative Buse) :

-
table name --"user"

pid : Mapped (int) = mapped-column (Integer, primary -Key

= True, auto increment =True)

name : Mapped [str] = mapped -
column (String

,
nullable = False

pointing to the relationship

stores the organization
data

Field in OrganizationEntity.
for an organization

that a ↑
-

user is the president
of [president-for : Mapped ("OrganizationEntity") = relationship (back - populates ="President")
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·

name : "VR Clrb"
refers

to
·

name : "Rhonda Root"

->

Diagram :

Summary of one-to-one OrganizationEntity User Entity

relationships ? FIELDS (intable) FIELDS (intable)

& id : 26 pid : 730896

---

7
pres - pid : 730896

RELATION SUP FIELDS (in entity

RELATIONSCircuit so
president, for : orgentit.a

back-populates

->Steps :

1.
Define/create a Foreign key

field in one table that refers to the PK field

of the other table
.

-
Create relationship fields in both tables who point to each others' names.M I

I

-
-

---

int

Example : Organizations ,
which can host multiple events

,
and Events,

which can only be hosted by one organization each.

-> We can imagine the organizations and events tables in the DB to look like this :

Table organization

option
(other various fields) . r .

I & = =j = =

- - -

Table events

mesohosk-orgos
a

=
-

How do we implement a -> Almost identical to setting up a 1-to-1 relationship
,

except the entity on the

one-to-many relationship? "One"side stores a list of the other entity's objects ,
rather than a single entry .

·
STEPS :

2 .

Define the table/entity that represents the "one" side & the "many" side
, respectively.

· EX "one" side : Organization Entity

"many" side : EventEntity
) Since I organization can have many events associated with it

2.
Add a Foreign key column) field to the "many"-side entity.

· EX such that
,
for each event entry

,

the field contains the PK of the

singular corresponding organization that hosts it.

· in event-entity . py
:

host- orgid : Mapped Link] = mapped -column (Foreignkey ("organization .
id")

· this establishes a one-to-one relationship between the event &
org tables.
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org : Mapped ["OrgEntity" 7 = relationship (back-populates = "event")

3.
Create a relationship field in the "many"-side entity that stores a

single instance of the otherfable's entity class Jaka a single table entry) :

· in event-entity . py
:

· For each event
,
this stores the hosting organization populated

automatically by SQL Alchemy Using the foreign key column we defined

4.
Create a relationship field in the "one"r side entity that stores a

list of instances of the other table's entity class Laka multiple entries

that all correspond to one entry in the "one"-side entity/table) .

· it should point to the name of the relationship field made in step 3

Cria "back-populates = ")

· in organizations entity . py
:

event : Mapped[list [ "Event Entity")J = relationship (back
- populates = "org")

· For each organization ,
this stores the list of events that it hosts.

Why do we only add a foreign 'In a one-to-many relationship ,
we only add a foreign key column to the entity on the "many"

What would our final EventEntity

↑
Entity (

in Step 2.

EventEntity

key column to one entity (table) ? Side (e . g . the entity who can store at most one connected entry from the other table
,

like Event

-> This is because Postgres SQL has no functionality to store a list of Foreign keys as a field-

it can only store one item (per field per entry).

·

And if we wanted to put a foreign key column in the OrganizationEntity table
,
for example,

then we would need to store a list of IDs in it.

and Organization Entity classes

class Event Entity
<Declarative Buse) :

look like ? -
table name --"event "

id : Mapped (int) = mapped-column (Integer, primary -Key*= True, auto increment =True)

name : Mapped [str] = mapped -
column (String

,
nullable = False

Foreign

host
-org-id : Mapped [int] = mapped -column (Foreignkey ("organization .id"))]d

org : Mapped ["OrgEntity" 7 = relationship (back
- populates = "events")]relativeshe is



OrganizationEntity

class OrgEntity <Declarative Buse) :

table name -

=
"

Organization
"

id : Mapped (int) = mapped-column (Integer, primary -Key

= True, auto increment =True)

name : Mapped [str] = mapped -
column (String

,
nullable = False)

Field

events : MappedClist &"EventEntity"SI = relationship (back-populatesorgilI

-

Implementing a Many-to-Many Relationship

~ Example : Events and their registered attendees (users (

Why is implementing a many-to-
~ RECALL that Postgres SQL cannot store lists of foreign keys as a field-just single items.

many relationship more complicated?
· In the previous relationships

,
we had every organization map to aSingle user (via its

Foreign keys. And then we had every event map to a single organization (even thoughthere

were multiple events which mapped to the same foreign key valueI
-

I

5

I

I

relationship

·

So this didn't matter.

But now
,
we need both tables to be able to refer to several items in one entry

Le . g.,
a single user should be able to store a list of events and vice versa)

,
so there is

nj a dequate place to put the foreign key field.

· Therefore
, we cannot directly establish a many-to-many relationship

between 2 entities on their own .

So how do we connect the Zentities?
->

By creating an association table to provide a method to connect items from one

table to items in another.

What is an Association table ? -> A table that we add to our SQLDatabase
,
that matches together the IDs from

2 different tables
.

-> Each record/entry in an A .

T

. serves to shore an explicit relationship between 2

records.

What might the association -> Fur this example with users & events
,

we can imagine something like this :

↑able look like in the database? Association Table

id( &) event id () user id (5)

I

2

2
I

3 2

2

J 3 3

↳ J S



I
even id= I maps to 2 items in the user entity ,

while userid=2

-> This bable demonstrates a many-to-many relationship ; notice how

maps to 2 items in the event entity
.

-> Also
,

the association table now becomes the place where we store our

Foreign key columns.

H ou do we create an association table? -> By making
a new entity class For it !

· For the example ,
we can create an Event RegistrationEntity class .

What are the steps to implementing
2. Create

your assoc . table's entity , adding Foreign key fields to

a

many-to-many relationship store each entities primary keys.

via an association table ? class Event RegEntity (Entity Base) :

-
tablename -= "event-registration"

our main

id : Mapped [int] = mapped-column (Integer,

primary - Key
: True

,
autoincrement = True↑ event

-
id : Mapped Lints = mapped-column (Foreignkey ("eventid"),

·
PK Field

primary - key = True

user
- pid : Mapped Lints = mapped-column (Foreignkey ("Userpid"),

primary - key = True

· notice that we make the 2 Foreign key fields into primary keys as

well
, since these I fields together uniquely identify each registration.

2. Create relationship fields in all b classes such that :

-> the 20 . g . tables/entities each have a relationship field storing a list of the

A .
T. entries/objects

· each field should back-populate their respective relati Field in the A .T
. entity

.

=>

the A .
T

. entity has 2 relationship fields
,

one to back populate each of the

entities-

-> In EventEntity :

registrations] : Mapped (list [ "Event RegEntity"]) = relationship (back
- populates = "event"

cascade = "all
,
delete"

-> In UserEntity :

registrations] : Mapped (list [ "Event RegEntity"]) = relationship (back-populates = "User",
cascade = "all

,
delete"

-> In Event RegEntity (the A .
T

. class) :

event : Mapped ["EventEntity"] = relationship (back
- populates : "registrations I" (

user : Mapped ["User Entity") = relationship (back
- populates = "registrations 2")
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· all rows which contain the deleted object's ID will be deleted.

What is "casecade = "all
,

-> A rule that ensures that when you delete an event or user entity object ,
all

->
Important because it prevents fractured relationships when entities are deleted .

3 .

delete"" ?

↑
of the registrations to it in EventRegEntity are also deleted.
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behalf of a person , group ,

or organization. In the context of the asxl website,

Authentication and Authorization

What is authentication ? Everifying wo the "subject" accessing a system is.

· A subject can be a person ,
or an automated program accessing a system on

we take "subject" to be a person using the CSXL application.

-> Authentication in the asxlunc. edu website is done with the UNC SSo

(single sign-on) service.

What is authorization ? -> Verifying what a certain subject has permission to do

-> i

. e

., verifying whether a subject/user has permission to carry out an

action on a resource within the system.

~ For EX
,
the leader of a workshop may

have permission to edita workshop's

details
, whereas a registered participant/attendee may

not.

How is authorization managed 9

By following the union of I distinct rule sets :

within the CSX1 website ? 1.
Feature-specific rules

2.
Administrative Permission rules

What areFeature-specific -> For
any

Feature of a website which is related to one or more users in the system
rules ? Le . g . via one or more of its T. S

. "models")
,
these users usually need some authorization

to carry out specific actions on those Models
.

-> Feature-specific rules are how we achieve that authorization - guidelines ('rules') that specify

↑
·

in their implementation ,
call methods from the SQL database to retrieve data

which actions can be carried out by which users.

Where do we enforce the - Where : methods in the Feature's backend service ( . py) file !

logic of feature-specific
-> RECALL : The purpose of the backend service is to define methods like

authorization rules ? get _
timer (self

, subject : User
,
timer ID : int) -> list [PomodonTimer]

,
which :

Laka call methods defined in entity (Python) classes
,
for ex entity 1 = Self

.
-session

. get (PomodooTimer Entity
,

timer-id) (

↓ Get called by the FastAPI (python) class
,
to which they return data from the San

database after converting it from entity to model format.

How do we enforce authorization -> to start : All backend service layer methods where authorization is a concern should

in the backend service? accept a user as their first parameter ,
in theFormati

somemethod (subject : User) &3

= This parameter represents the user attempting to carry
out the action (and whose

authorization needs to be verified)
.



I
out the operation , we should have the backend service raise an exception.

->

Additionally
,
if our backend service layer determines that the subject passed in (by the

API calling said backend service method) does not have permission to carry

baakand service method raise ?
raise User PermissionException ('workshops . update' · #Workshops/Eworkshop. id3)-

2
<services

.
<methods

,
for the specific backend service's method where the error

occurs

What exception should the

↑
-> t "User Permission Exception",

like this :

I Y

"The
target path of the primary model being operated on (minus the leading "Japi'

part) .

·

In ex above
,
the FastAPI path to the model being operated on was

"Japi/workshops/1 "
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RDBMS

-> Motivation : Wo database
,

our data (on our site) doesn't save when
you

refresh or restart the server.

a RDBMS (Relational Database Management System) provides persistent storage and is "where data lives. "

-> RDBMS is "postgres", meaning separated from Frontend/backend components.

-> What type of DB do we use ? Postgres SQL relational database :

· "relational" -> data stored in tables
,

where columns fields w/ defined data types and rows entries of data

· We interact with the database using SQL
,
a declarative' language used to make queries.

-> ACID Properties (RDBMS Transactions have them) :

·

Atomicity : Either a transaction successfully completes all of its commands
, orone of them .

· this property is why we don't have to worry about program crashing in the middle of a transaction causing
Unwanted changes to data-either all transactions executed

,
or none

.

·

Consistency : After a commit
,

the database constraints must be satisfied (e . g .
Size limits on int fields

, required

fields
,
fields where each entry's value must be unique,

etc .)
,

OR the transaction won't succeed.

(Ensures that data integrity constraints are not violated before & after transactions occur (

· solation : Ensures that multiple transactions
,

even if concurrent
,

occur independently without interference .

· urability : Ensures that data persists even if the DB system gues offline

(When a commit succeeds
,
its data is safely stored

SQLAlchemy

-SQLAlchemy is an ORM (object relational mapper (

-> Our toolkit for interacting with the DB ; A "Python Library" with 2 parts : Core and ORM

-> Allows us to interact w) and perform CRUD operations on the DB in Python rather than SQL-lang queries (bic it does

the conversion for Us)
.

-> SQLAlchemy Core :

· base features that allow SQAich to function as a "database toolkit" (like logic for running SQL queries
·

manages the constant connection to the database using the SQLAlchemy Engine
->

SQLAlchemy ORM (extends upon base functionality of the Core) :

· functionality for object-relational mapping ("from Sqlalchemy .
Orm import Mapped , mapped -column , relationship"

·

functionality to convert data from SQL format to a Python Entity object
- "From sqlalchemy . Orm import Declarative Base" the class provided by SQLAlchemy ORM which contains methods

-
for mapping data . All Entity classes should extend from it.

· The SQLAkhemy Session ("from Saakhemy .
Orm import Session")

· Basically
, everything comes from the ORM except the engine



Entities
-> DEFN : represent DB tables as Python code objects that we can then work w/ in the backend

-> A class represents a table ; an instance represents an entry
-> EntityClasses (e . g. event entity · py) are in the backend

-> Ex : Class Eventity <Entity Base) :

-
table name- = "event" Chowtodeclareme of a table

id : Mapped [int] = mapped-column (Integer , primary - key = True, auto increment = True

↳ function to specify aspects of a column/field
, including the d

. t.

name : Mapped Istring) = mapped - column (String ,
default =

"" (

->

primary key : column we an int unique to each entry
-> Foreign key : field that refers to another table's primary key ; building block for creating DB

relationships

Database Relationships
· One-to-one :

-> e . g., organizations & their presidents (where a User can be pres. of max1 organization (

-> steps :

2 . Add Foreign key field to just 1 of the 2 entity classes :

pres-pid : Mapped [inth = mapped -column (Foreign Key ("user
. pid") (

2.
Add relationship fields to both entities :

president : Mapped ["User Entity") = relationship (back - populates = "pres-for")

and

pres-for : Mapped ["OrgEntity") = relationship (back
- populates : "President"

·

One-to-Many :

-> e . g ., organizations
& the many events theyhost

-> STEPS :

2 . Add a Foreign key field to only the "many side" entity (e . g. EventEntity (

2. Add rel
.

Field to "many side" entity which stores a single instance of the other entity class (e . g . the

singular org hosting each event)

3.
Add rel

. Field to "One side" entity storing a list of instances of the other entity
·

Many-to-many :



SQLAlchemy Session

-> The backend service connects to the DB using
a SQUAlchemy Session object ,

which gets injected into

each backend service class through their "initializer method's
, using Depends () function :

class OrgService :

def-init- (self ,
session : Session = Depends (db-session)) :

self. -Session = Session

-> The session provides all the methods to perform CRUD operations ; backend service calls Session's methods to do

this
,
for ex : Self-session - Scalars (query) , all (

self
. -Session

,

add (entity1)

self .-Session. delete dentity1) mandatory to include
,

else "C" Create) ,U "Cupdate
,
or

7

Self
. _ Session

.

Commit() ·
"D" (detetz) operations won't actually get performed

Connecting DB to rest of stack

2. Frontend service method makes HTTP Request to FastAPI to perform CRUD on data
, expecting a

↑S Interface Model Object

2.
Fast API calls the backend service's methods to perform the relevant (RUD operation , expecting
a Pydantic Model object in return.

3. Backend services are the ones doing task of
communicating w/ the DB . They call methods on

the session in order to perform operations

·G (e
. g. FastAPI has sent new data to the backend method) :

2 . The backend method takes the Pydantic Model it has received& calls the corresponding Entity Class'

Static "From-model" method which returns the same data converted into an entity object

entity 2 = OrgEntity · from - model (model : Organization
2.

It then calls the Session's methods to add& commit the new entry to the table

3.
Returns the same model obj .

back to Fast API using to-model (verification purposes (

·& Le . g .
Fast API is requesting some data from the backend) :

2. Backend Serv. makes the query
& receives desired data from the Session - as Entity object (s)

2. It then calls the Entity class' to-model which converts the entity / the desired data into

a Pydantic Model . It returns this PM obj .
to the FASTAPE

4. FastAPI returns the requested data to the frontend service as a Pydantic Model
.
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