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• An API is a set of protocols and instructions written in 
programming languages that determine how two 
software components will communicate with each 
other. 



A P I  E X A M P L E S
• APIs are a crucial behind-the-scenes aspect of user 

experience (UX). Consider a few familiar examples of APIs 
and how a website owner or administrator might use them: 
• The YouTube API allows you to add videos to your 

website or app, as well as manage your playlists and 
subscriptions.  

• The Facebook API for conversions allows you to track 
page visits and conversions, as well as provide data for 
ad targeting and reporting. 

• The Google Maps API allows you to embed static and 
dynamic maps, as well as street view imagery, on your 
website. 



T Y P E S  O F  A P I
• Open APIs - also known as external or public APIs, are available 

for anyone to use and integrate with their sites or apps.  
• Partner APIs - are also considered external, but you can use 

them only if you have a business relationship with the 
companies providing them.   

• Internal APIs - also called private APIs, are used by people 
within a company and help to transfer data between teams or 
connect different systems and apps. 

• Composite APIs - combine multiple APIs from different servers 
or data sources to create a unified connection to a single 
system.  

• Web Service API (or Web API) - an application interface 
between a web browser and a web server



A P I  A R C H I T E C T U R A L  S T Y L E S
• SOAP (Simple Object Access Protocol) - determines 

how to transmit data across networks, how 
messages should be sent, and what the messages 
should include.  

• REST (REpresentational State Transfer) - It’s a set of 
guidelines for scalable APIs that are easy to use 
when transferring data securely. REST APIs are also 
known as RESTful APIs.  

• RPC (Remote Procedural Call) - execute code on 
remote networks.   

• Etc.



SOAP (Web Services)



W E B  S E R V I C E S
• Web services refers to a collection of standards that 

cover interoperability.  
• In fact, these standards define both the protocols that 

are used to communicate and the format of the 
interfaces that are used to specify services and service 
contracts.



H I S T O R Y  O F  W E B  S E R V I C E S  ( 1 )
• Microsoft coined the term Web Services in 2000, to describe a set of 

standards that allow computers to communicate with each other via 
network. 

• One of core standards is the eXtensible Markup Language (XML); 
another is HTTP. 

• Together with some others, Microsoft had already begun working 
on a protocol called SOAP that used XML to exchange data over a 
native connection based on HTTP and TCP/IP. 

• Then IBM jumped in, and as a result autumn 2000, two other 
standard were announced: the Web Services Description Language 
(WSDL) and Universal Description, Discovery, and Integration 
(UDDI). 

• At the end of 2000, Oracle, HP, and Sun also announced their 
intention to support and deploy the Web Services in their products.



H I S T O R Y  O F  W E B  S E R V I C E S  ( 2 )

• Nowadays, Web Services is a major movement based 
on several standards, and driven by many companies 
and standardisation organizations. 

• The names of the standards usually start with Web 
Services based on about 10 low-level standards for 
XML and HTTP, there are more than 50 Web Services 
standards, plus about 10 profiles specified by different 
standards bodies, such as the World Wide Web 
Consortium (W3C), OASIS, and Web Services 
Interoperability (WS-I).



• There are 5 fundamental Web Services standards. Two 
of them are general standards that existed beforehand 
and were used to realize the Web Services approach: 
• XML is used as the general format to describe 

models, formats, and data types. Most other 
standards are XML standards. In fact, all Web 
Services standards are based on XML 1.0, XSD (XML 
Schema Definition), and XML namespaces. 

• HTTP (including HTTPS) is the low-level protocol 
used by the Internet.

F U N D A M E N TA L  W E B  S E R V I C E S  S TA N D A R D S  ( 1 )



F U N D A M E N TA L  W E B  S E R V I C E S  S TA N D A R D S  ( 2 )

• The other three fundamental standards are specific to Web 
Services and were the first standards specified for them: 
• WSDL is used to define service interfaces. In fact, it can 

describe two different aspects of a service: its signature 
(name and parameters) and its binding and deployment 
details (protocol and location). 

• SOAP is a standard that defines the Web Services 
protocol. While HTTP is the low-level protocol, also used 
by the Internet, SOAP is the specific format for 
exchanging Web Services data over this protocol. 

• UDDI is a standard for managing Web Services (i.e., 
registering and finding services)



F U N D A M E N TA L  W E B  S E R V I C E S  S TA N D A R D S  ( 3 )

• BPEL4WS: Business Process Execution Language for 
Web Services 

• Main standardisation bodies: OASIS, W3C



W E B  S E R V I C E S  S TA C K



X M L  ( E X T E N S I B L E  M A R K U P  L A N G U A G E )  

• Looks like HTML 
• Language/vocabulary defined in schema: collection of 

trees 
• Only syntax 
• Semantic Web, Web 2.0: semantics as well: OWL and 

descendants



J S O N  V S .  X M L

• JSON Example: 
{"employees":[ 
    { "firstName":"John", "lastName":"Doe" }, 
    { "firstName":"Anna", "lastName":"Smith" }, 
    { "firstName":"Peter", "lastName":"Jones" } 
]} 

• XML Example 
<employees> 
    <employee> 
        <firstName>John</firstName> <lastName>Doe</lastName> 
    </employee> 
    <employee> 
        <firstName>Anna</firstName> <lastName>Smith</lastName> 
    </employee> 
    <employee> 
        <firstName>Peter</firstName> <lastName>Jones</lastName> 
    </employee> 
</employees>



S O A P  ( S I M P L E  O B J E C T  A C C E S S  P R O T O C O L )

• SOAP is message inside an envelope 
• Envelop has optional header (~address), and mandatory 

body: actual container of data 
• You can see that the SOAP message have an XML format 

containing a root element called <Envelope>. It might 
contain an optional <Header> and a mandatory <Body> 
element. 

• While the <body> element contains the payload (request, 
response, or fault data), the <header> can contain additional 
information to help the infrastructure deal with the 
messages. 

• SOAP message is unidirectional: it’s NOT a conversation



S O A P  E X A M P L E  ( 1 )
<?xml version='1.0' ?>  
<soap:Envelope xmlns:soap=“http://a.soap.org/soap/”> 
<soap:Header> 
... 

</soap:Header> 
<soap:Body> 
<getCustomerAddress xmlns=“http://soa.com/xsd”> 
<customerID>123456789</customerID> 

</getCustomerAddress> 
</soap:Body> 

</soap:Envelope>



S O A P  E X A M P L E  ( 2 )
<?xml version='1.0' ?>  
<soap:Envelope xmlns:soap=“http://a.soap.org/soap/”> 
<soap:Header> 
... 

</soap:Header> 
<soap:Body> 
<getCustomerAddress xmlns=“http://soa.com/xsd”> 
<Address> 
 <street>Gaussstr.29</street> 
 <city>Braunschweig</city> 
 <zipCode>D-38106</zipCode> 

</Address> 
</getCustomerAddress> 

</soap:Body> 
</soap:Envelope>



• WSDL (Web Services Description Language) 
• To understand what WSDL files are all about, let’s begin 

by looking at the general structure of a WSDL file.

W S D L  ( 1 )



W S D L  ( 2 )
• WSDL files describe services from the bottom up. That is, 

they start with the data types used and end with the location 
(address) of the service. 

• In addition, they have three layers of description 
• First layer describes the interface of a service. This 

interface (called “port type” in WSDL 1.1) can consist of 
one or more operations with input and output parameters 
that use types specified in the first section of the WSDL file. 

• Second layer defines the “binding” of a Web Service; that 
is, the protocol format for which the Web Service 
operations are provided. 

• Third layer defines the physical location (address, URL) 
where the Web Services is available.



W S D L  ( 3 )



U D D I
• UDDI (Universal Description, Discovery and Integration) 
• The original idea was to introduce all three roles of a 

working marketplace: providers that offer services, 
consumers that need services, and brokers that bring them 
together by locating services. 

• Three (main) parts: 
• Info about organization that publishes the services 
• Descriptive info about each service 
• Technical info to link services to implementation  

• Original dream: one global registry 
• Reality: many registries, with different levels of visibility 

• Mapping problems



B P E L 4 W S
• Three main parts: 

• Partner-links: dependencies between services: who 
sends what to whom 

• Global variables 
• Workflow model: “program” 

• BPEL4WS is an orchestration language; executable 
• WS-CDL (Web Services Choreography Description 

Language) is a choreography language; not 
executable



REST / RESTful



R E S T  A P I  ( 1 )

• REST (REpresentational State Transfer) 
• REST APIs are a type of Web Service APIs. 
• REST API is an architectural style for an application 

program interface (API) that uses HTTP requests to 
access and use data. That data can be used to GET, 
PUT, POST and DELETE data types, which refers to the 
reading, updating, creating and deleting of operations 
concerning resources.



R E S T  A P I  ( 2 )

URI  
(Endpoint)

* URI (Uniform Resource Identifiers)



R E S T  A P I  ( 3 )



R E S T  A P I  ( 4 )



R E S T  A R C H I T E C T U R A L  C O N S T R A I N T S  ( 1 )

• REST is a software architectural style that defines the set 
of rules to be used for creating web services.  

• Web services which follow the REST architectural style 
are known as RESTful web services.  

• Interaction in REST based systems happen through 
Internet’s Hypertext Transfer Protocol (HTTP) 

• There are six architectural constraints which makes any 
web service are listed next slide:



R E S T  A R C H I T E C T U R A L  C O N S T R A I N T S  ( 2 )



C L I E N T- S E R V E R
• REST application should have a client-server 

architecture.  
• A Client is someone who is requesting resources and are 

not concerned with data storage, which remains internal 
to each server, and server is someone who holds the 
resources and are not concerned with the user interface 
or user state.  

• They can evolve independently. Client doesn’t need to 
know anything about business logic and server doesn’t 
need to know anything about frontend UI. 



S TAT E L E S S  ( 1 )
• Stateless means that the necessary state to handle the 

request is contained within the request itself and server 
would not store anything related to the session. 



S TAT E L E S S  ( 2 )
• Statelessness enables greater availability since the server 

does not have to maintain, update or communicate that 
session state. There is a drawback when the client need 
to send too much data to the server so it reduces the 
scope of network optimization and requires more 
bandwidth.



C A C H E A B L E
• Every response should include whether the response is 

cacheable or not and for how much duration responses 
can be cached at the client side.  

• Client will return the data from its cache for any 
subsequent request and there would be no need to 
send the request again to the server.  

• A well-managed caching partially or completely 
eliminates some client–server interactions, further 
improving availability and performance. But sometime 
there are chances that user may receive stale data. 



L AY E R E D  S Y S T E M
• An application architecture needs to be composed of 

multiple layers.  
• Each layer doesn’t know any thing about any layer other 

than that of immediate layer and there can be lot of 
intermediate servers between client and the end server.  

• Intermediary servers may improve system availability by 
enabling load-balancing and by providing shared 
caches. 



U N I F O R M  I N T E R FA C E  ( 1 )
• Uniform Interface suggests that there should be an 

uniform way of interacting with a given server 
irrespective of device or type of application. 

• There are four guidelines principle of Uniform Interface 
are: 
• Resource-Based 
• Manipulation of Resources Through Representations 
• Self-descriptive Messages 
• Hypermedia as the Engine of Application State 

(HATEOAS)



U N I F O R M  I N T E R FA C E  ( 2 )
GET request fetches an account resource, requesting details in a JSON 
representation

The response is:



C O D E  O N  D E M A N D  ( O P T I O N A L )

• Code on demand is an optional feature.  
• According to this, servers can also provide executable 

code to the client.  
• The examples of code on demand may include the 

compiled components such as Java Servlets and Server-
Side Scripts such as JavaScript. 



R U L E S  O F  R E S T  A P I
• REST is based on the resource or noun instead of action 

or verb based. It means that a URI of a REST API should 
always end with a noun.  
• Example: /api/users is a good example, but /api?

type=users is a bad example of creating a REST API. 
• HTTP verbs are used to identify the action. Some of the 

HTTP verbs are – GET, PUT, POST, DELETE, PATCH. 
• A web application should be organized into resources 

like users and then uses HTTP verbs like – GET, PUT, 
POST, DELETE to modify those resources (CRUD).



E X A M P L E

URI HTTP Verb Description

api/users GET  Get all users.

api/users/new GET  Show form for adding new user.

api/users POST  Add a user.

api/users/1 PUT  Update a user with id = 1

api/users/1/edit GET  Show edit form for user with id = 1

api/users/1 DELETE  Delete a user with id = 1

api/users/1 GET  Get a user with id = 1



R E S T  A P I  E X A M P L E



P O S T M A N  I N  V S C O S E



R E Q R E S . I N  ( 1 )



R E Q R E S . I N  ( 2 )



H T T P  S TAT U S  C O D E S  ( 1 )



H T T P  S TAT U S  C O D E S  ( 2 )



H T T P  S TAT U S  C O D E S  ( 3 )



H T T P  S TAT U S  C O D E S  ( 4 )



Web Socket



W E B  S O C K E T  ( 1 )

• WebSocket is bidirectional, a full-duplex protocol that 
is used in the same scenario of client-server 
communication, unlike HTTP it starts from ws:// or 
wss://.  

• It is a stateful protocol, which means the connection 
between client and server will keep alive until it is 
terminated by either party (client or server).  

• After closing the connection by either of the client and 
server, the connection is terminated from both ends. 



W E B  S O C K E T  ( 2 )



W E B  S O C K E T  ( 3 )



W H E N  C A N  A  W E B  S O C K E T  B E  U S E D  ( 1 )

• Real-time web application uses a web socket to show 
the data at the client end, which is continuously being 
sent by the backend server. In WebSocket, data is 
continuously pushed/transmitted into the same 
connection which is already open, that is why WebSocket 
is faster and improves the application performance.  

• For example, in a trading website or bitcoin trading, for 
displaying the price fluctuation and movement data is 
continuously pushed by the backend server to the client 
end by using a WebSocket channel.



W H E N  C A N  A  W E B  S O C K E T  B E  U S E D  ( 2 )

• Gaming application, you might focus on that, data is 
continuously received by the server, and without 
refreshing the UI, it will take effect on the screen, UI gets 
automatically refreshed without even establishing the new 
connection, so it is very helpful in a Gaming application. 

• Chat applications use WebSockets to establish the 
connection only once for exchange, publishing, and 
broadcasting the message among the subscribers. It 
reuses the same WebSocket connection, for sending and 
receiving the message and for one-to-one message 
transfer.



GraphQL



G R A P H Q L
• GraphQL is a query language for APIs and a runtime 

for fulfilling those queries with your existing data.  
• GraphQL provides a complete and understandable 

description of the data in your API, gives clients the 
power to ask for exactly what they need and nothing 
more, makes it easier to evolve APIs over time, and 
enables powerful developer tools.



G R A P H Q L  V S  R E S T  ( 1 )



G R A P H Q L  V S  R E S T  ( 2 )

GraphQL REST

Architecture Client-driven Server-driven

Organized Schema & Type System Endpoints

Data Fetching Specific data with single call Fixed data and multiple call

Performance Fast Take up more time

Dev. Speed Rapid Slower

Learning Curve Difficult Moderate

Use-Cases Microservices / Mobile Apps Simple Apps / Resource 
Driven Apps



H O W  D O E S  G R A P H Q L  W O R K  ?



H O W  D O E S  G R A P H Q L  W O R K  ?



Q U E R I E S  A N D  M U TAT I O N
• A GraphQL operation can either be 

• Read operation, known as Query, is used to read or 
fetch values 

• Write operation, known as Mutation, is used to 
write or delete values. 

• In both cases, the operation is a simple string that a 
GraphQL server can parse and respond to with 
specifically formatted data. JSON is usually the 
popular response format for mobile and web 
applications.



S C H E M A
• A schema is a collection of GraphQL types.  
• GraphQL uses it to describe the shape of your 

available data.  
• Schema is one of the key concepts when working with 

GraphQL API. It defines how the client can request the 
data and specifies the capabilities of the API.  

• It’s like a contract between the server and the client.



R E S O LV E R S
• Resolver is a function that generates responses for 

GraphQL queries & mutations by acting as a GraphQL 
query handler.  

• It’s defined within the GraphQL schema that a 
particular query will use the resolver, so it is 
responsible for fetching data, processing data, then 
transforming the fetched and processed data into a 
GraphQL array format.  

• Then, the resolver returns the results wrapped by a 
callable function.



S E R V E R - S E N T  E V E N T S  ( S S E )

• Server-sent events (SSE) is a technology for 
transmitting data from a server to a web client in real-
time. It was introduced as part of the HTML5 
specification and has been supported by modern web 
browsers since around 2011. 

• SSE is based on the concept of long-lived HTTP 
connections, where the client establishes a persistent 
connection to the server and the server can send data 
to the client at any time.



S E R V E R - S E N T  E V E N T S  ( S S E )



P O L L I N G  /  W S  /  S S E



gRPC



G R P C  ( 1 )
• The “RPC” in gRPC stands for “Remote Procedure 

Protocol.” RPC was first introduced in the late 1970s 
and 1980s, and it allows clients and servers to interact 
with one another as if they were both on the same 
machine. 

• gRPC is an implementation of RPC that was developed 
and open-sourced by Google in 2015. 

• gRPC use of Protocol Buffers (Protobuf) as its interface 
definition language (IDL) provides strong typing and 
facilitates code generation in multiple languages. 



G R P C  ( 2 )
• Additionally, its use of HTTP/2 for transport improves 

network efficiency and supports real-time 
communication.
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P R O T O C O L  B U F F E R
• Protocol buffers, or Protobuf, is Google’s serialization/

deserialization protocol that enables the easy definition 
of services and auto-generation of client libraries. gRPC 
uses this protocol as their Interface Definition Language 
(IDL) and serialization toolset. 

• gRPC services and messages between clients and servers 
are defined in proto files. The Protobuf compiler (protoc) 
generates client and server code that loads the .proto file 
into the memory at runtime and uses the in-memory 
schema to serialize/deserialize the binary message.  

• After code generation, each message is exchanged 
between the client and remote service.



G R P C  A R C H I T E C T U R E



A S S I G N M E N T  7

• ให้แต่ละกลุ่มออกแบบ System Architecture ของ “ร้าน
ก๋วยเตี๋ยว b&B (bit & Byte)” ว่าต้องประกอบไปด้วยระบบ
ย่อย (Sub-System) อะไรบ้าง 

• เลือกรูปแบบของ System Architecture (Client/Server, 
P2P etc.) และ Application Architecture (MVC, MVP 
etc.) โดยครอบคลุมตั้งแต่ UI จนถึง DBMS 

• เลือกรูปแบบ API ที่ใช้ในการสื่อสารกันระหว่างแต่ละส่วน


