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Objectives
•Course overview
•Overview of web

ØDistributed structure
ØApache web server

•Remote Access
•Version Control
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Most Popular Web Sites
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References
• https://en.wikipedia.org/wiki/List_of_most-
visited_websites

• https://www.similarweb.com/top-websites/
• https://www.semrush.com/website/top/
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Most Popular Web Sites: Alexa
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Alexa: 3-month average of page views, unique site users

April 2021



Most Popular Web Sites: SimilarWeb
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https://www.similarweb.com/top-websites/
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Most Popular Web Sites
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April 2019



Most Popular Web Sites: Rank over Time
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Feb 
2008

April 
2010

April 
2013

April 
2016

April 
2019

April 
2021

April 
2024

Google 1 2 1 1 1 1 1
YouTube 10 5 4 3 2 2 2
Facebook 9 1 2 2 3 7 3
Yahoo! 
(mail) 2 3 3 5 9 11 8

Wikipedia 13 16 5 7 5 13 7
eBay 6 12 8 24 ? 40 47
MySpace 3 6 ?? ?? ?? ??? ??

Not quite a fair comparison – different sites/metrics used over time
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Discussion: What are web applications?

•Give examples of static web pages and 
dynamic web pages/web applications
ØWhat does static vs dynamic mean in this context?

(feel free to search the Web)

Apr 29, 2024 Sprenkle - CSCI335 19



Terminology
•A dynamic web page is a page where at least part 

of the content is dynamically generated, i.e., is 
generated with code
ØA static web page has no dynamic content.

•A Web application is a set of web pages (usually 
that set is larger than 1) that is generated by a 
common code base
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Creation of the World Wide Web
• Result of confluence of

ØFast computers
ØInternet
ØHypertext theory, e.g., 

links to other text

Web's historic logo designed by 
Robert Cailliau (Belgian CSist)



The Internet
• Connection of computer networks using the Internet Protocol (IP)
• Allows network applications, e.g., email, file transfer, world wide 

web, remote login, …
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Internet



Creation of the World Wide Web
• Inventor: 

Physicist Tim Berners-Lee
•1989 at CERN
•Web: “originally conceived and 

developed to meet the 
demand for automated 
information-sharing between 
scientists in universities and 
institutes around the world.”
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Creation of the World Wide Web
• Inventor: Physicist Tim Berners-Lee
• 1989 at CERN
• Vision: make all information 

available to all people at all times
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Evolution of WWW
• ftp/email ... 
• to gopher ... 
• to simple html pages ... 
• to web sites ... 
• to dynamic html ... 
• to web commerce …
• to social media, desktop-like applications, ...
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What This Course is About
• Web applications

Ø Distributed computing
Ø Web application technologies (server and client)
Ø How to develop high-quality Web applications à full-stack development

• Software tools

• Software engineering
Ø Large development project
Ø More software, collaboration tools
Ø Emulate real-world experience with actual client

• Life-skills
Ø Reading, writing, discussion, presentation
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Responsibilities
Mine

• Prepare useful, interesting 
knowledge

• Come to class prepared, on time
• Relevant and challenging 

assignments
• Feedback on assignments

Yours
• Come to class prepared, on time
• Turn in assignments on time

Ø Don’t get behind when we only have 
4 weeks!

• When you’re having trouble
Ø Look for help on the Web

• 1st : use course web site!
• Find, adapt solutions
• Give credit to where you found 

solution, if novel enough
Ø Ask me for help

• Learn, absorb, synthesize
Ø Extra Credit: take it to the next level
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Approach to Learning
• Information: comes from lectures
•Knowledge: comes from readings and 

assignments
•Wisdom: comes from experience 
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What To Expect
•4-week, 4-credit Spring term course

ØFast-paced
ØDemanding
ØBut, also a great experience to draw on for interviews

•Programming intensive
ØIndividual labs: small-scale, get the basics
ØTeam Project: Bring all your collective skills together
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Learning Objectives
• Author sophisticated, valid HTML pages using CSS
• Describe the distributed architecture of web applications
• Design and develop a significant web application using 

server-side technologies, such as Java servlets and JSPs
• Understand the requirements (e.g., usability, reliability, 

stability, performance, and security) of web applications
• Apply common software tools to developing web 

applications
• Test and debug web applications, using standard tools 

(e.g., the Eclipse IDE, Web Tools Platform) and systematic 
techniques
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Course Grade Calculation
•40%: Individual programming and homework 

assignments
•20%: Exam
•35%: Group Project 
•5%: Participation and attendance 
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DISTRIBUTED SYSTEMS
Intro to
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Distributed Systems
•WWW is a distributed system
•Distributed System: multiple machines, 

communicating over the network via some 
protocol, working together for some goal

•Common model: clients/servers model
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CS Lab Architecture: Authentication
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Authentication Server: 
Active Directory

Active Directory (AD): Microsoft's proprietary directory service
• Runs on Windows Server
• Manage permissions, groups, access to resources



CS Lab Architecture: Authentication
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Authentication Server: 
Active Directory

Active Directory (AD): Microsoft's proprietary directory service
• Runs on Windows Server
• Manage permissions, groups, access to resources

python.cs.wlu.edu
Lab machine



CS Lab Architecture: Authentication
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Authentication Server: 
Active Directory

Active Directory (AD): Microsoft's proprietary directory service
• Runs on Windows Server
• Manage permissions, groups, access to resources

python.cs.wlu.edu
Lab machine Send: username, password

Receive: OK or Not okay



CS Lab Architecture: Authentication
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Authentication Server: 
Active Directory

Active Directory (AD): Microsoft's proprietary directory service
• Runs on Windows Server
• Manage permissions, groups, access to resources

python.cs.wlu.edu
Lab machine

Web 
Browser 
(laptop) Web 

Browser 
(mobile 
device)

Send: username, password

Receive: OK or Not okay



CS Lab Architecture: File Server

•Stores files for the Computer Science department
ØIndividuals’ files, shared files for courses, …
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Server: NFS
(Networked File System)

lcomp-fs1
 

Our files



CS Lab Architecture: File Server
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Server: NFS
(Networked File System)

lcomp-fs1
 

Our files

•Stores files for the Computer Science department
ØIndividuals’ files, shared files for courses, …



CS Lab Architecture
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Server: NFS
(Networked File System)

lcomp-fs1
 

Our files

python.cs.wlu.edu

perl.cs.wlu.edu

java.cs.wlu.edu

Your files

Your files

Your files

Lab machines

Each user’s Quota/Limit: 2GB of space



CS Lab Architecture
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Server: NFS
(Networked File System)

lcomp-fs1
 

Our files

python.cs.wlu.edu

perl.cs.wlu.edu

java.cs.wlu.edu

Your files

Your files

Your files

Lab machines

Each user’s Quota/Limit: 2GB of space

Send/receive: file changes



CS Lab Architecture

CS Lab Machine Paths

• /home/username
• /csci/

CS File Server Paths

• /export/users/username
• /export/csci/
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python.cs.wlu.edu
Disk

Server: NFS
(Networked File System)

lcomp-fs1
 

Disk



CS Lab Architecture: NFS Set Up
•On File Server, in /etc/exports

•On Lab Machine, in /etc/fstab
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/export 137.113.118.0/255.255.255.0(rw,sync,fsid=0,no_subtree_check)
/export/users 137.113.118.0/255.255.255.0(rw,sync,no_subtree_check)
/export/csci 137.113.118.0/255.255.255.0(rw,sync,no_subtree_check)

lcomp-fs1:/csci /csci nfs defaults 0 0



On the Lab Machine
•df (disk free): report file system disk space usage
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sprenkles@43374-CSCI-ILAB:/$ df -h
Filesystem                             Size  Used Avail Use% Mounted on
udev                                   7.7G     0  7.7G   0% /dev
tmpfs                                  1.6G  2.6M  1.6G   1% /run
/dev/nvme0n1p2                          96G   35G   56G  39% /
tmpfs                                  7.7G  196K  7.7G   1% /dev/shm
tmpfs                                  5.0M  4.0K  5.0M   1% /run/lock
tmpfs                                  7.7G     0  7.7G   0% /sys/fs/cgroup
/dev/nvme0n1p3                         137G   28K  130G   1% /mnt/local_scratch
/dev/nvme0n1p1                         511M  6.1M  505M   2% /boot/efi
lcomp-fs1:/csci                        2.0T  801G  1.1T  42% /csci
tmpfs                                  1.6G   20K  1.6G   1% /run/user/125
/dev/loop2                             106M  106M     0 100% /snap/core/16574
/dev/loop0                              64M   64M     0 100% /snap/core20/2182
/dev/loop3                             104M  104M     0 100% /snap/core/16928
/dev/loop1                              64M   64M     0 100% /snap/core20/2264
lcomp-fs1:/users/sprenkles@ad.wlu.edu  2.0T  801G  1.1T  42% /home/sprenkles@ad.wlu.edu
tmpfs                                  1.6G   40K  1.6G   1% /run/user/1387608248



Cloud Architecture (Simplified)
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Server

File Server

File Server

File Server

Your machine

Your files

Web
Browser

Google 
Drive

Your files

Your files

Similar for another machine you set up



Challenges with Distributed Systems
•Multiple sources of error/failure

ØMore than one machine
ØThe network
ØThe communication

•Asynchronous communication, logging
ØNeed to keep track of order in which things happened
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INTRODUCTION TO THE WEB
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Evolution of WWW
• ftp/email ... 
• to gopher ... 
• to simple html pages ... 
• to web sites ... 
• to dynamic html ... 
• to web commerce…
• to social media, desktop-like applications, ...
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Where we’re starting



The World’s First Web Page
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The Page: http://info.cern.ch/hypertext/WWW/TheProject.html

April 30, 1993



World Wide Web
•Built on top of the Internet
•Web browsers and Web servers
•Communicate using HTTP (Over IP/TCP)
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Web Browser,
e.g., Firefox, 

Chrome, Edge, 
Safari, Opera, …

Via HTTP

Internet

Web Server,
e.g., Apache, 

Microsoft IIS, …



How Does The Browser Get a Page?
• In Web browser, enter a URL

ØURL: Uniform Resource Locator

ØMay not have explicitly typed in “http”
•Other protocols: https (becoming the default), ftp
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protocol://host

http://cs.wlu.edu



URL: Uniform Resource Locator
•Specifies the location of a resource
•Format: <protocol>://<host>/<path>

ØExamples:
https://cs.wlu.edu/~sprenkles/cs335/

https://cs.wlu.edu/~sprenkles/cs335/schedule.php
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How Does The Browser Get a Page?
•Look up host’s IP Address using DNS

ØNeed to be able to find host on the Internet
ØRouting through Internet is by IP address

•Domain Name System (DNS)
ØSet of servers that map domain name to IP 

Address(es) and vice versa
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cs.wlu.edu 137.113.150.207



Naming Lookups
•Unix commands host and nslookup can lookup 

this information

•And, in reverse: 
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$ host cs.wlu.edu
cs.wlu.edu has address 137.113.150.207

$ host 137.113.150.207
207.150.113.137.in-addr.arpa domain name pointer 
lcomp-ws1.



Open Systems Interconnection (OSI) Model 
•Reference model to help coordinate standards 

for connection 
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https://en.wikipedia.org/wiki/OSI_model



How Does The Browser Get a Page?
• Browser now makes the request using HTTP

ØHTTP: HyperText Transfer Protocol
• Common Types of HTTP Requests:

Ø GET: request data/page
Ø POST: request data/page, typically given some data
Ø HEAD: just get the “header” of a response (not the body)

• For our example, browser makes request GET /
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cs.wlu.edu

Web Browser

HTTP GET request



Open Systems Interconnection (OSI) Model 
•Reference model to help coordinate standards 

for connection 
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TCP
IP

HTTP

https://en.wikipedia.org/wiki/OSI_model



How Does the Web Server 
Serve a Web Page?

1. Receives request for a resource on TCP port 80
2. Looks for the resource in the Web Document directory

ØNot all files on a Web server are meant for others to see
ØSpecific directory holds these files

3. If the file is found, server sends an HTTP 200 response with 
the requested document
ØOtherwise, sends appropriate error response
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HTTP GET request

HTTP Response



Ports, in Brief
• A port is an endpoint of communication
• A software abstraction of a physical space 

through which a client and a server can 
send messages
ØThink of it like a mailbox
ØServers listen on a port and respond to client 

requests
• Well-known/Dedicated port: below 1024

ØHTTP: port 80
ØHTTPS: port 443
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Server
80

443



How Does the Browser Get a Page?
•Receives response from server
•Displays file in appropriate format
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Evolution of CNN’s Site
•Recent look
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Evolution of CNN’s Site
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2008:

2010:

2013:

2016:

2019:

2024:



Common HTTP Status Codes
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Code Meaning

200 OK: Request succeeded

3xx Redirection (temporary or permanent)

403 Error: No permission

404 Error: File not found

500 Internal server error
70

HTTP Response



The Process Without GUI (Browser)
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sprenkle@perl:~$ telnet cs.wlu.edu 80
Trying 137.113.150.207...
Connected to cs.wlu.edu.
Escape character is '^]'.
GET /
<!DOCTYPE HTML PUBLIC "-//IETF//DTD HTML 2.0//EN">
<html><head>
<title>302 Found</title>
</head><body>
<h1>Found</h1>
<p>The document has moved <a href="https:///">here</a>.</p>
<hr>
<address>Apache/2.4.41 (Ubuntu) Server at 127.0.0.1 Port 
80</address>
</body></html>
Connection closed by foreign host.

Not possible over https
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Apache Web Server: httpd
•Open-source HTTP server by Apache Software 

Foundation
•Colloquially called “Apache”

ØBut Apache makes more than the web server
•httpd: http daemon

ØDaemon – server, process running in the background
•Most popular web server
•Highly configurable with modules
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https://httpd.apache.org/



CS Web Server Set Up: 
https://cs.wlu.edu
•CS department web server is cs.wlu.edu
•Configuration:

ØServerRoot "/etc/apache2"
•Config files and modules
•All readable by viewable

ØListen 80
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CS Web Server Configuration
• <Directory />
  AllowOverride none
  Require all denied
</Directory>

• DocumentRoot "/var/www/html"

• <IfModule mod_dir.c>
    DirectoryIndex index.html 
index.php index.xhtml index.htm
</IfModule>
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Web server can’t access any files

Which files are accessible

If someone accesses a 
directory, look for file 

named index.html or …



PHP
•Recursive acronym:

PHP: Hypertext Preprocessor
•Popular general-purpose scripting 

language
ØCommonly used for web development

•Fairly easy to write in, security issues
ØI use for my course web pages because it’s easy and I 

don’t have security concerns
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CS Web Server Configuration: PHP
•Module enabled: php7.4
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https://cs.wlu.edu/~sprenkles/cs335/



Allow Users to Have Web Pages
<IfModule mod_userdir.c>
        UserDir public_html
        UserDir disabled root
        <Directory /home/*/public_html>
            AllowOverride FileInfo AuthConfig Limit Indexes
            Options MultiViews Indexes SymLinksIfOwnerMatch 
IncludesNoExec
            Require method GET POST OPTIONS
        </Directory>
</IfModule>
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/home/yourusername/public_html



Permissions in Your public_html Directory
•Web server can’t access all of your files by 

default
•Files must have read permission by others
•Directories must have read and execute 

permission by others
•Example: 
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-rw-r--r--.  1 sprenkle domain users   494 Apr 23 10:10 index.php
drwxr-xr-x.  3 sprenkle domain users  4096 Apr 23 10:16 css
-rw-r--r--.  1 sprenkle domain users   577 Apr 23 10:16 project.php
-rw-r--r--.  1 sprenkle domain users  6473 Apr 23 10:21 project.html

owner group



How Does the Web Server 
Serve a Web Page?

1. Receives request for a resource on TCP port 80
2. Looks for the resource in the Web Document directory

ØNot all files on a Web server are meant for others to see
ØSpecific directory holds these files

3. If the file is found, server sends an HTTP 200 response with 
the requested document
ØOtherwise, sends appropriate error response
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HTTP GET request

HTTP Response



All Together Now
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Internet

http://server/path/to/file

serveràIP address

path/to/file

Look for path/to/file

Server’s file 
system

file

1

2

3



LAB 0
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Accessing W&L CS Lab Machines
•Goal: able to work remotely on web pages in 

your public_html directory
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python

knuth

rexx

liskov

Behind firewall
Can access from 
outside the network 
with VPN



Git and GitHub
•What is Git/version control in general?  
•What are the benefits of git (and version control 

systems, in general)?
•What is GitHub?
•What are the commands we use for git?
•What is our workflow for git?
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Version Control Benefits
• Backup and Restore

Ø Files are saved as they are checkpointed
Ø Revert to a specific version/checkpoint

• Collaboration
Ø Lets people share files
Ø Stay up-to-date with the latest version

• Track changes to code
Ø Save comments explaining why change happened
Ø Stored in the VCS, not the file
Ø Track how, why a file evolves over time

• Track Ownership
Ø Tags every change with the name of the person who made it
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Version Control Benefits
• Short-term undo

ØMessed up a file?  Go back to the last good version
• Long-term undo

ØCreated a bug a year ago?  Jump back to see change you made.
• Sandboxing

ØMaking a big change?  Make temporary changes in isolated 
area, test, work out kinks before “checking in” your changes

• Branching and merging
ØBranch a copy of your code into a separate area, modify it in 

isolation (tracking changes separately)
Ø Later, merge work into common area.
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Git & GitHub
•We’re going to use Git

ØDistributed version control system

•Our repositories will be hosted by GitHub
ØHow you’ll get code from me
ØHow you’ll submit assignments
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GitHub’s Octocat



Common Git Commands
Command What it does
clone Clones a repository – sets up your 

repository so that you can coordinate

add <file> Adds the file to the staging area
commit Commits all the staged files (locally)
push Push all your changes to the remote à 

You need your code to be pushed so that 
I can see it.

branch List all local branches
branch <name> Creates a new branch named name
checkout 
<name>

Switches to the branch named name

Apr 29, 2024 Sprenkle - CSCI335 88

https://xkcd.com/1597/

https://xkcd.com/1597/


Using Git
• Git is a distributed VCS
• Repositories store all versions of all 

files, comments about changes 
(“commit messages”, who made 
changes, …)

Apr 29, 2024 Sprenkle - CSCI335 89

GitHub
Repository

Keeps “public” copy of code

• Have local repositories, 
own copy of code

• commit, update code

Users

Repo

Repo



Using Version Control: clone
•To start, need to clone the repository
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Repository

clone

repository

repository



Using Version Control: clone
•To start, need to clone the repository
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Repository

clone

repository

For us, 
Repository is on GitHub This is you!



Using Version Control: commit
•After you make changes that you want to 

document, commit your version
ØInclude comments about what changes you made and 
why
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Local
Repository

• Updates each modified file
• Records comments with 

updated files

commit

Code*comments?
comments

Code



Using Version Control: add, delete
•You need to add and delete files and directories 

to the staging area, then commit
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Staging Area 
(index)

add
Code

• Add, delete files 
and directories

• Marks the files that will be part of 
the next commit

• When you commit, these files are 
added to your local repository

myfile*
myfile*



Using Version Control: Commit Messages
•Many different conventions
•Make your messages meaningful and descriptive

ØEmphasis on the why
ØYour future self and contributors will thank you
ØEspecially as you move on to bigger and better projects
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Using Version Control: push
•After you make changes that you want others (at 

first, that’s just me) to see, push your version
ØSends your previous commits and associated 

comments
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GitHub
Repository

• Updates each modified file
• Records comments with 

updated files

push
Code*

Problems?

Local 
Repository

Local 
Repository’

Other people’s code 
doesn’t change



Using Version Control: pull
•To see the current version of the code in the 

remote repository, pull
ØResolve conflicts (more on this later this term)
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GitHub
Repository

pull

Code

Local 
Repository



Using Git: Branches
•We create branches when we want to create a 

new “sandbox” to play in
ØNew functionality
ØBug fixes
ØDifferent approach
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main branch

Feature branch

main branch

merge
branch



Outline for the Course
• Static Web Pages

Ø HTML5, Presentation (CSS)
• Usability
• Dynamic Web Pages, Applications

Ø Server-side (Servlets, JSPs, …)
• Testing Web Applications
• JDBC
• Other Java frameworks/tools
• Java Script, AJAX
• JSTL
• Security
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Project 
Development



Planning for the Semester
•Today: typical of semester

ØPart lecture, part discussion, part lab

•Tomorrow
ØHTML
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Lab 0
•Remote access to the CS lab machines
•Reviewing (?) Git and GitHub
• Interactive textbook
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Looking Ahead
•Lab 0 – due tonight at midnight
•Explore Course Web Site

ØParticular attention to the schedule, examples 
ØRead over the project page on the course web site

•Read about how Google search works
ØWrite summary in Canvas discussion by Tuesday 

midnight
•Tomorrow: HTML


