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To some, scheduling employees is a monotonous and often times difficult task to correctly
manage. You have all your employees asking for their perfect schedules, resulting in a complex,
and time-consuming mess in which countless errors can occur. With Sched-bot, manually
creating weekly shifts is a thing of the past! By developing a Web platform that is also
accommodated by Android and iOS mobile applications, managers can finally devote their time
to more meaningful, or even neglected tasks. With access to Sched-bot, managers acquire the
opportunity to manually, or automatically allow generation of their employee schedules, while
also providing employees the ability to have live views of the current and forecasted schedules.
The convenience of the mobile applications presents each employee with the opportunity to
effortlessly complete off day, or shift trade requests; Sched- bot also requests approval from the
manager and sends alerts whenever a schedule or request has been finalized. With Sched-bot, say

goodbye to the headache of scheduling all of your employees!
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PROBLEM STATEMENT

Introduction

Businesses and other organizations which require hourly shifts, must create schedules to fill the
shifts. Management teams and/or managers try to make schedules which accommodate all parties
involved, to prevent any possible conflicts. The managers are aware of shift needs and desired
time periods. Scheduling is a crucial aspect of hourly shift systems and the continuous operation
of these organizations rely on their employees, and these employees rely on an accurate

schedule. Without this, the business and employee partnership is tarnished.

Project Description

An automated scheduling system will be created to address the needs of both businesses and
employees. The system will be completely Web based, accessible from computers, and will be
mobile friendly. Schedules will be created automatically using a custom algorithm. Employees
will be able to request days off at their own discretion through the application and the system

will build schedules around available days.

Problem

The problem organizations face is that manually creating schedules is time consuming, making it
difficult to accommodate individual availability. Restaurant managers using a spreadsheet for
scheduling have been shown to spend an average of 3.14 hours per week on employee

scheduling.! These managers are spending 7.86% of their work week on this mundane task.*
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Scheduling is an important key to running these businesses; Eliminating this task would allow
this time to be better spent elsewhere. Furthermore, schedules are only available on the site of
operations. This means there is no way to see what a future schedule would look like. No one has

an opportunity to plan ahead.

3.14 hours 12.56 hours 150.72 hours

$62.80 $251.20 $3,014.40

Table 1: Restaurant Managers' Time and Money Spent on Employee Scheduling

Table 1 above demonstrates the average time and money wasted on scheduling by restaurant
managers at an assumed rate of $20/hour. This amount of time and money is only amplified by

the number of employees and size of the businesses.

User Profile

Management:

Management consists of the people managing the scheduling for hourly shifts. They will have
general knowledge of the business and its scheduling needs. Management/Managers will benefit
from the Automated Scheduling Tool by eliminating the time spent creating schedules. They will
be relieved of the duty of taking care of shift coverage when workers need days off in advance.
However, management will still be in charge of keeping the necessary staff in the case of an

emergency.
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Hourly/Shift Workers:

Workers will benefit from the use of the application by being able to access work schedules
wherever they are. Employees will be able to simply input their days of availability and be
automatically notified of the days they are working. Furthermore, all workers will have the
capability to request days off, request a cover of shift, or pick up a shift. Instant notifications
allow both managers and workers to benefit from this intuitive and innovative system. Figure 1

depicts the User Profiles for the product.

PROJECT: Sched-Bot

POTENTIAL USERS:
- Hourly/Shift Workers
- Management

- Small/Medium/Large Businesses

SOFTWARE, INTERFACE, AND RELATED EXPERIENCE:
- Operating Systems

- Computer Web Applications

- Mobile Web Applications

- Web Browsers

EXPERIENCE WITH SIMILAR APPLICATIONS:
- Google Chrome
- Safari

- Twitter Bootstrap Web Applications
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TASK EXPERIENCE:
- Creating Schedules
- Using Calendars

- Spreadsheets

FREQUENCY OF USE:
- Daily Monitoring

- Weekly Tasks

- Monthly Tasks

- Reporting

KEY PROJECT DESIGN REQUIREMENTS THAT THE PROFILE SUGGESTS:
- Industry Designs Standard

- Easy to use Web Interface

- Easy to use Mobile Interface

- Useful Notifications

Figure 1: User Profile Form
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Use Case Diagram

Figure 2 depicts the use case diagram for our application

)

Login

Create Login

)X

Edit Accounts

View Schedule

View Trade/Off Day
Request

Management

Employees

S
) O
(o
N

Submit Trade/Off Day
request

Approve Trade/Off
Day Request

Manually Change
Generated Schedules

Approve/Deny
Generated Schedules

Figure 2: Use Case Diagram
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PROJECT MANAGEMENT

Objectives/Deliverables

Table 2 presents the project deliverables and deadlines

Pre-Project 10/24/16 User Interface 11/7/16
Planning Milestone

Wireframes 10/24/16 Software Demo 11/23/16
Milestone Milestone

Pre-Network Setup | 10/31/16 Fall Presentation 11/28/16
Milestone Milestone

Table 2: Project Objectives/Deliverables Due Dates

Project Schedule

Figure 3 illustrates our project timeline from the beginning of the fall semester through completion of Sched-Bot.

First Samester Starting 9/20/16 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 ‘Week 10
Task: First Half Second Half First Half Second HeFirst Half Second HaFirst Half Second HaFirst Half Second HaFirst Half Second HaFirst Half Second HeFirst Half Second HzFirst Half Second HiFirst half Second Half
Researc h potential software and server technologies |

Decide on project initial features
Create Scrum board and backlog
Initial database schema design
Web and mabile wireframe
Prepare for elevator speech
Project Abstract

User Profile Assignment

Look for business beta tester(s)
Final Project Statement

Start Final Report Draft

Start Prototype

Progress Report 2

Use Case Diagram

Threat Model

Start Fall

Second Semester Starting 1/9/17 Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 Week 9 Week 10

Task: First Half Second Half First Half Second H:First Half Second HeFirst Half & First Half Second HzFirst Half Second HeFirst Half Second HeFirst Half Second HzFirst Half Second HeFirst half Second Half

Create Database servers
Employee/Manager account registration
[Work on auto scheduling algorithm
Create Webserver 1

User preferred schedule functionality

Employee off day request functionality

Create Webserver 2
Employee trade functionality

Supervisor approval of trade and day off request
Load balance between webservers

|Admin Controls

\Auto schedule functionality

Server Security

|Appraved schedule email notification

[Xamarin mobile development

Preparation for IT Expo

Figure 3:Project Gantt Chart
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Budget
Table 3 presents the budget for Sched-Bot. This budget replicates the cost of our solution in the

business world; however, as we are developing an open source solution our total comes is $0.

No. [ ltem Unit, Unit, Line Item Total
Each Price

1 Labor 100 $75 $7,500

2 Resources 1 $510 $510

3 Developer 1 Labor 150 $75 $11,250

4 Developer 2 Labor 150 $75 $11,250

Subtotal $30,510

Total to public $0

Table 3: Project Budget

TECHNICAL ELEMENTS

Software Languages

Sched-Bot will be developed within Visual Studio, utilizing C# ASP.NET MVC. Early phases
will run locally on Visual Studio. It will use Entity Framework for sending and retrieval of data
from databases. We chose asp.net and entity framework, as it will allow us to produce and
publish the Sched-Bot Web site in a time-sensitive manner. Also, ASP.NET is one of the most
widely used platforms for web development, which gives us access to many libraries and
documents should we run into any blockers. The Sched-Bot team will utilize Model View

Controller to keep code organized, automatically generate forms, and to implement the principle
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of least privilege throughout the website easily. JavaScript and Html will be used on the Ul. We
will use cshtml along with Razer syntax for model binding. Mobile applications may be

developed, as well as Java for Android and Swift for i0S. GitHub will host our code repository.

Server

Sched-bot will run on a windows Web server. SQL Server will be the database utilized on the
server. Figure 4 illustrates the initial database schema we have produced for Sched-Bot -backups
will be made. When ready to deploy, another server will be started as a production server. The
old server will become the development server, allowing us to test changes before they are

pushed public.

Hosting
The server will be hosted by the Sched-Bot team. This allows us to handle networking security
such as a firewall. Also, we can provide as many backups as needed. This will also allow for

easy scalability, should the need arise. Figure 4 depicts the Database Scheme for Sched-Bot.

User_Location
Userid int FK T ol
i ser_Rol
‘Iaucalzon\u m::lé B oy
nt Userid int FK a it K
" :
En eld ::: :EB"_F Name varchar(250)
Descriplion ~ varchar(Max)
shift Shift_Type Focetion
0 int P ] int K o o narzs
DayOfwesk  DateTime 50— Name varchar(s0) ——t o varchar2s0)
Time Bigint Description  varchar(Max) vpe User Account
Shift_Type_la int FK LocationCode varchar(5)
e Address_Addressid  int K| g nt ex| [ nt PK
FirstName varchar(50) Userld int
LastName varchar(50) Email varchar(250)
Shift_Location T T Email varchar(250) [ Password  varchar(500)
Tocaiona e Phone varchar(11) Type varchar(50)
Shif Typeld Rk {| Addressid int FK User_Userld  int
id int PK T
Schedule FEo— Address
Id it FK ] int User_Avilability
Type Varchar(s00) fodress vm:mgggi 1o int PK
Data varchar(Max} ity varchar!
Location_ld  int ® State varchar(2) Sresday Daenme
Primary bit PostalCode int Wednesday Datetime
Thursday Datefime
Friday Datetime
Request Saturday Datetime
Sunda Datetime
[ nt PK RequestType Userid int K
Reason m . P
Status varchar(50) "

Name varchar(50)
Description  varchar(Max)

StatusReason  varcharMax)  BO—t—
RequesfType_id int K
User_id int

FK

Figure 4: Database Schema
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APPLICATION

Security

One major component of our solution is security of private data. The application will be
developed to defend against any SQL threats, as storing information about when employees will
be away from their homes, and the location of homes can be a real security issue. The application
will ensure that users can only perform actions limited to their roles; therefore, normal
employees will not be able to view or perform any of the actions strictly related to only

management users.

User Interface

Home Interface:

The home interface is the first page of the application. When a user enters the Web site, this is
the very first page the user will see. The page will contain descriptions of our scheduling
solution, benefits, and provide the user with the ability to sign into their accounts if he/she has

one.

Management Interfaces:

The management interface will grant management users access to the application and view
trade/off day requests made by employees, as well as granting them the ability to approve or
deny the requests. Management users will also be able to view or edit their employee’s roles.
Lastly, and most importantly, management will be able to approve generated schedules and

manually make changes as they see fit.
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Employee Interfaces:
The employee interfaces will grant employees access to view current and forecasted schedules
based on everyone’s availability. Furthermore, employees will have the ability to send trade

requests to other employees and request particular days off.

TESTING

Overview

The testing methodology for the Sched-Bot web application will be detailed in this section. This

should be used as a guide for the testing plan. The following individuals should use this section:

e Developers
e Project Managers
e Team Members

e Qutside Testers

Scope

The scope of testing will include all implemented features, ensuring they work as expected. Tests
will also be based of core requirements to verify a useable application. These tests will take place

on the web application Sched-Bot, along with companion applications on mobile.
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Objective

The objective of testing is to confirm the usability and functionality of the application. These
tests will examine all of the different aspects of the application. Testing will be conducted by

developers as well as outside, third-party testers.

Entry and Exit Criteria

Entry Criteria:

e High-Level Design Specifications

e Software Development Project Plan Complete
e Business Requirement Document complete

e Compiled Code

e Configured Test Environment

e The user interface and the feature set are frozen

Exit Criteria:

e Unit Tests pass
e All priority a bug have been fixed and closed

e Internal documentation has been updated to reflect the current state of the product.
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Logging Test and Reporting

While executing the test cases, if an individual finds a defect, the individual will document the
defect thoroughly on our scrum board. Once the defect has been created on the scrum board, the
individual will then assign the ticket to the project manager to assess the defect and distribute the
work. Once the defect has been examined and assigned to be fixed, one or both of the developers

will work on resolving the bug.

System Testing

The Sched-Bot web application will be tested thoroughly as a complete application. Any bugs or
other flaws will be revealed better when the complete web application is tested as one entire unit.

It is intended to verify Sched-Bot’s functionality as a whole.

Testing Procedures
Testing will require the ensuing steps:

e Construct all scenarios and test cases

e Create a document containing steps taken to administer the test and the expected outcome

e Identify any bugs in the report
Below are descriptions of the classifications of tests we will perform:

e User Interface Testing: This set of test cases will ensure the interface operates as

expected. The Ul will be tested amongst different screen sizes and resolutions.
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e Feature Testing: This series of tests check the functionality of the applications. Ensuring
that features actually function and create results as expected.
e Performance Testing: This series of tests verifies that our servers are running quickly and

efficiently under load. This will be done with multiple testers testing at once.

Pass/Fail Conditions

Testing will be considered successful if all major functionality of the application works as
intended. If a core feature is not working it will not pass the testing phase. Otherwise minor bugs

will be patched.

Schedule of Team Member Testing

Table 4 is a timeline and frequency in which our team tested our application.

Backend Developer 9/19/2016 - 4/10/2017 Weekly
Frontend Developer 9/19/2016 - 4/10/2017 Weekly
Server Administrator 9/19/2016 - 4/10/2017 Each Build Release

Table 4: Application Development Testing Timeline
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Schedule of Round Table Testing

Table 5 can be reference to view the schedule of our round table testing.

Management 1/1/2017 - 4/10/2017 Monthly
Employees 1/1/2017 - 4/10/2017 Monthly
UX Expert 1/1/2017 - 4/10/2017 Monthly

Table 5: Round Table Testing Timeline

CONCLUSION

Fall Semester 2016

In the 2016 Fall Semester, the team devised a plan for designing and creating Sched-Bot.

Hosting options were researched and a plan for using the UC Sandbox as a testing environment
was formed. A database was designed and created using Vertabelo. A prototype was created
using C# ASP.NET in Visual Studio. Wireframes for both the Web application and mobile
applications were also completed. One of the largest roadblocks that we have run into so far, is
the time required for developing the equation for automatically generating the schedule. Once the
algorithm is developed, it will also be a challenge to correctly code through the application, and

test against it to ensure it is correct.
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Spring Semester 2017

In the 2017 Spring Semester, the team completed the Sched-Bot project. The final development
of the application was completed. The application was optimized for desktop and mobile access.
The algorithm for automating the randomization of schedules was created and finished. The
database was built and finalized. Two web servers and a database server were created. The web
servers were load balanced to handle large loads of traffic. The project was presented at the 2017

UC IT Expo.

What We Learned

We learned how to setup multiple servers and link them together to host a web application. We
learned how to load balance our web servers to handle large amounts of traffic using Application
Request Routing and creating a server farm. We learned how to build and package an application
that was ready to be deployed through the publishing steps within Visual Studio as well as the
package deployment process on the both 11S web servers to correctly display the application
online. We learned how to build and utilize a database server. We also learned how to connect an
application to a remote database and the steps needed to open the correct ports within the SQL

client as well as the firewall.

Next Steps
We will move our application to servers outside of UC. This will allow us to use the application
from wherever in the world without being connected to UC’s VPN. We can show off our project

or continue to expand and build it if we choose to.
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APPENDIX A: REFERENCES
1. Audrey Presley, “Restaurant Scheduling Statistics”, Timeforge, May 27, 2007, accessed

October 30, 2016, http://www.timeforge.com/site/scheduling-facts/restaurant-scheduling-
statistics-2/
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APPENDIX B: ADDITIONAL INFORMATION

Josh Smith - Industry Advisor
Timothy Comer - Assisted in determining logic needed for scheduling algorithm
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APPENDIX C: THREAT MODEL
Redirect ;
) Redirect
to Login s Redirectto o REWM
Fagu HTTPS Get Request Unauthorized "°B'°
Response Screen aia
A A A A
Http Hitp Http Hitp
Response Response AS P N ET Response Response
= MVC
Check For HTTPS
Request
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Is User
Authenticated?
A
Is User Authorized to| ~ No
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the application?
Yes
A
Service build and )

Figure 5: Threat Model Diagram

return requested
Data
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APPENDIX D: TECH EXPO 2017 POSTER

SCHeED-BOT

- i = . N N
Abstract

To some, scheduling employees is a monotonous and often times difficult task to correctly manage. You have all
your employees asking for their perfect schedules, resulting in a complex, and time-consuming mess in which
countless errors can occur. With Sched-bot manually creating weekly shifts is a thing of the past! By developing a
i web platform that is also accommodated by Android and iOS mobile applications, managers can finally devote their
a time to more meaningful or even neglected tasks. With access to Sched-bot, managers acquire the opportunity to
«  manually or automatically allow generation of their employee schedules, while also providing employees the ability
p to have live views of the current and forecasted future schedules. The convenience of the mobile applications
presents each employee the opportunity to effortlessly complete off day or shift trade requests, which requests
approval by the manager and alerts whenever a schedule or request has been finalized.

o Wi ¥ = R =
Problem Solution Technical Elements
Schedules are currently made manually by Automated schedule generation to elimi- : i
I management nate current time spent manually creating S ]QUEIV Q [:3 g Viewsl ikt
Schedules are generally only available to Capability to view schedules and request a E ﬁ w 0
be accessed on-site trade or time off from anywhere pootstap. ATJAX  visusice Mrscrt
= @ MW
Difficulty to trying to work with all E Forecasted schedules to help promote & Xamarin
employees’ work-life SQLServer &l vmwaore
| | .l Windows Server 2012
Creating schedules is often a time Easy-to-use application that is compatible
I consuming with any l ‘

Andrew Barker, Adam Brooks, and Ahmad Nassar " iminal . UNIVERSITY OF .
Technical Advisor: Russ McMahon College of Education, Cri Justice, and Human Services - School of Information Technology ClnCInn Otl

Figure 6: Tech Expo Poster
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APPENDIX E: APPLICATION WIREFRAMES

€« [EREW O v sched-bot.com
= rke mail
pashbosrd Dashboard
> SCHEDULES L, .
Apr 9 5, 201

gam
2300, [
am
9:30am
10am
10:30am
11am
11:20am
12pm
12:30pm

1pm

1:30pm

Dashboard Dashboard

£ SCHEDULES < > WEEK DAY

SATURDAY

Requests
9:30am
10am
Unassigned - Mafl 9:30 - 4:45 Mary Lyon - Server

10:30am

T1am

11:30am
12pm
12:30pm
12:00- 6:30
1pm Norma

McKinley -
Manager

1:30pm

2pm

Figure 8: Sched-Bot dashboard (calendar view) on a mobile device
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Name:  Ahmad Nassar
Email; nassarahmad!

Phone: 4328794328
Address: 546 Tree Lane

city cincinnati
state: oh Zp
Save Details

Em y les

Roles:

Manager

Dishwasher

Max Desired Hours:

Sunday:

Monday.

Tuesday

Wednesday:

45015

Thursday:

Friday:

Saturday:

[ Update Foie

Figure 9: Employee details and availability page on a desktop

SCHED-BOT

Employee Details

Name:

Andrew

Barker

Email:

barkeras@mail.uc.edu

Phone;
5151686486

Address:
135 Test Ct

City:
Fairfield

state:
OH

Zip:
45014

Save Details

Barkeras@mail.ucedu v

Employee Roles

Roles:

# Update Roles

Figure 10: Employee details and availability page on a mobile device

Save Availability
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Figure 11: Table view of a schedule on a desktop

All Users

Employee
Blake Wyatt
Mary Lyon
Andrew Barker
Pat Kumpf
Norma McKinley
Denald Trump
Andrew Barker
Russ McMahon
Sandra Gardner
Jim Scott
Ahmad Nassar
Pat Kumpf

Russ McMahon

Blake Wyatt

Schedule

04/09/2017 - 04/15/2

Dates:

Employee
Blake Wyatt
Mary Lyon
Andrew Barker
Pat Kumpf
Norma McKinley
Donald Trump
Andrew Barker
Russ McMahon
Sandra Gardner
Jim Scott
Ahmad Nassar
Pat Kumpf

Russ McMahon

Blake Wyatt

04/09/2017 - 04/15/2017

Day
Sunday
Sunday
Sunday
Sunday
Sunday
Monday
Monday
Monday
Monday
Monday
Monday
Tuesday
Tuesday

Tuesday

Time Start

8:30 AM

8:30 AM

9:45 AM

12:30 PM

9:15 AM

10:45 AM

8:15 AM

12:30 PM

9:00 AM

12:00 PM

10:45 AM

11:00 AM

1.00 PM

1:00PM

2017 o Employee: All Users
Day Time Start
Sunday 8:30 AM
Sunday 8:30 AM
sunday 9:45 AM
sunday 12:30PM
sunday 915 AM
Monday 10:45 AM
Monday 8:15AM
Monday 12:30 PM
Monday 9:00 AM
Monday 12:00 PM
Monday 10:45 AM
Tuesday 11:00 AM
Tuesday 1:00 PM
Tuesday 1:00 PM

Time End

10:00 AM

1:00 PM

5:00 PM

9:00 PM

3:00PM

2:30PM

2:45 PM

445 PM

5:30 PM

2:30PM

215 PM

6:45 PM

7:00 PM

5.00 PM

Time End

10:00 AM

1:00 PM

5:00 PM

9:00 PM

3:00 PM

2:30PM

2:45PM

4:45 PM

5:30 PM

2:30 PM

2:15PM

6:45 PM

7:00 PM

5:00 PM

Barkeras@mail.uc.edu ~

Dates:

v

Employee:

v
Shift Role Actions
Cook ?W
Server z|[a
Cook [&][a]
Janitor E
Manager [@][a
Janitor (@
Manager |a
Manager E
Cook ’F
Server = (&
Dishwasher = |[@]

Janitor
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Figure 12: Table view of a schedule on a mobile device
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1. UC Sandbox

2. Windows Server 2012

3. Microsoft SQL Server 2012

4. Jguery - Javascript library used to manipulate the HTML DOM and make AJAX calls
5. Metronic - CSS and basic html layout used to jumpstart our front end development

6. SweetAlerts2 - Javascript library that was used in conjunction with our AJAX calls to

show success or error alerts to users

7. FEullCalendar - Javascript library used to build the dashboard calendar view of shifts

8. Bootstrap - HTML, CSS, and Javascript framework used to develop our application to
be responsive to work on any device, desktop or mobile.

9. PickADate - Javascript library linked to a input element to allow users to select a time of
day

10. Vertabelo - Online site used to create our initial database diagrams
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https://jquery.com/
http://keenthemes.com/preview/metronic/
https://limonte.github.io/sweetalert2/
https://fullcalendar.io/
http://getbootstrap.com/
http://amsul.ca/pickadate.js/time/
https://www.vertabelo.com/

