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Abstract

A kitchen in a home ideally consists of ingredients that are used to create meals through the act of cooking, and tools such as cutlery and cooking ware to support that process. A challenge many people face when entering a kitchen is deciding what it is they’d be interested in cooking with all of the ingredients to choose from. This project, Kitchen to Cookbook, was developed to help answer that question by providing a clearer route to making that decision and by providing a way of viewing a kitchens ingredients through a window into the world of recipes those ingredients satisfy the conditions of creating.

Introduction

Kitchen to cookbook was developed to fill a void in a market of recipe based engines and searching tools as well as answer an age old question, “What can I cook in my kitchen with all of these ingredients?” 
The problem that many cooking systems and engines presents is that you must know exactly what you are looking for in order to find the results that you want. Searches in recipe engines can be thought of as targeted, searching through the database of recipes for a specific ingredient contained therein and returning the recipes that a match is found. This project works in the opposite way, by taking not a single ingredient, but rather all ingredients found in a kitchen, and returning “only” the recipes that you have all of the required ingredients to create.

The development of this projects prototype akin to a proof of concept was the primary goal. 

Project Overview

Kitchen to cookbook is a web-based application that is designed to assist a person with preparing meal recipes from the ingredients they have in their kitchen. The concept of the project is to build a system where a user has an inventory of ingredients stored in a database backend and allow for that user to discover recipes from which they can cook based on the ingredients the user has.  The projects design and architecture are to support scalability for enhancements and ease of changes as well as friendly usage from users of the system.

2.1 Technology Breakdown
One way of approaching the problem of dealing with data and inverse abstract queries of that data is in choosing the correct technology for doing so. 

Choosing the correct technology in the case of this project meant choosing the proper tools for storing data, manipulating the data that is stored, retrieving data based on manipulated queries of that data and finally displaying that data in a human-readable format. 

The decision for the database came in conjunction with the application layer that was selected to interface with the database. MySQL was chosen as the RDBMS and their InnoDB engine (which is now the default engine in new versions of MySQL) was chosen due to the support for foreign and primary key constraint definitions. Several databases were evaluated in light of this early decision, including SQLite and PostgreSQL and MS Access. PostgreSQL is the best alternative to MySQL but was not selected due to lack of familiarity on the part of the developer during this project.

Ruby on Rails (the framework) that rests on the ruby programming language was chosen for the application layer. It’s clearly defined Model, View, Controller framework and ease of scalability for web-application projects made it a primary candidate for the project. It’s primary use in industrial applications suggests easy cooperation with database backends. 

The IDE coding tools for developing this project came at no cost as they were provided through the Ruby open source community. Radrails (http://www.radrails.org) which has the Ruby Development Toolkit built into it was the sole IDE of choice. 

Subversion version control system was used to maintain a repository of changes and alterations made throughout the lifetime of this project.

2.2 Data (Ingredients and Recipes)

A kitchen is represented by the ingredients found therein for the purpose of this project. A cookbook is represented by recipes belonging to various categories, subcategories and cuisines. 
2.3 Prior Visualization Process

Pre-development of this system, the ingredients used in the system and recipes used for prototyping could be found in flat files in the format of lists. Simple manual data entry was used for the base prototype since there was no large dataset provided as an early requirement.
3. Project Requirements

The requirements of this project are twofold. 
· The first fold is the ability for users to have an inventory of ingredients which can be queried to return a cookbook of recipes in which that user can create. 
· The second requirement is the ability for the project to be scalable so that it can be further enhanced with features conducive of user-based web-applications.

3.1 Functional Specifications

The functional specifications of this project changed throughout the projects lifetime. Upon initial conception, it was not clear how the queries of data would be performed precisely or stored for that matter. What follows is the final breakdown of functional specifications.
Stock required specifications:

· Admin of the system must be able to add ingredients, units of measure and recipes to the system

· Admin of the system must be able to add, edit and create user profiles.

· Potential users must be able to create accounts on the system

· User must be able to lookup recipes based on ingredients in an inventory belonging to them – That data must then be displayed back to the user in a understandable format.

Enhanced (well done) Features:

· Users should be able to perform Live AJAX searching of ingredients and recipes in the system
· Users should be able to rate recipes

3.2 System Specifications

The system is constructed on a WindowsXP system using the Ruby on Rails framework and Ruby programming language. It is designed however to run on a web-server running apache, lighttpd or mongrel web-services. It must support a RBDMS so that data and application can communicate. The user interface is designed to run on a web-browser of 1024 x 768 pixels using Firefox or Internet Explorer web browsers.
4. System Architecture and Design

The system architecture is a double layered design. The global layers are an application layer and a database layer. The application layers are model, views and controllers. 

The following image represents the model, view, controller layer
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The following image represents the prototype proof of concept layout of the site
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4.1 User Interface Design

The initial user interface mockup was to be very basic and is shown in the following image. This design was altered for the purpose of providing a faster proof of concept and prototype as explained in the Functional specifications of this document. The design supports allowing users to join the website, find recipes they can make based on an inventory of ingredients that they have, rate recipes and plan for future meals.
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The evolution of the design worked in the direction of creating a usable menu system for users. A concept of that is shown in the following image. [image: image4.jpg]Cookbook Homepage
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4.2 Admin Interface and Design

The admin interface is the controlling aspect of the system designed to manage users, edit their profiles and control the recipes and ingredients that go into the site. This supports scalability for further content management alterations.
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4.3 Database Design
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4.4 Conceptual Architecture

The conceptual architecture of this project in essence means understanding how data is stored in a database and how to display that data for users. The idea is to store data for users and the system itself that can later be queried and displayed to show a viewing of the objective goal, being the recipes a user can create.
4.5 Algorithms and Ideas

The initial algorithm design prototype was planned to exist entirely in the application layer. The concept was to store all the ingredients in the system and index the recipes they are associated it with using a hash table. When a user wanted to see which recipes they could cook, the algorithm would check the users ingredients list, then check the hash table and bounce back and forth, checking ingredients and recipe matching one by one and storing matches and non-matches in arrays to avoid double-lookups. 

A mockup of the initial concept is shown below:

[image: image7.emf]
The initial algorithm design was inefficient as for two reasons. The first reason was that it required too many checks and balances and required a linear search through the data. The second and primary reason is that it placed a large burden on the application layer of the project. The purpose of using a database that is stores data in the form of a binary tree is to provide fast querying of data, so it became apparent that for the quickest lookups of data, a more optimized algorithm or query would be required and should be done entirely in the database layer, using the application for the purpose of simply rendering the display of the results. 

The following image shows the algorithm (the actual database query) used to retrieve data based on a users inventory. Since an inventory table was used to store users ids and the ingredients associated with them, the actual “user” table in the database itself is not even required as part of the query. The image to the left of the query shows how the data between the tables is communicated to obtain the final result.
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5. Software Development Process

The software development process consisted of using a Ruby IDE to develop the application layer of the project using HTML, Javascript and the ruby language (and rails libraries) to access, support and render the data from the database. 

The process involved developing a working prototype of the system with minimal graphics and a simple layout to provide a working proof of concept of the project.

Since the base requirements and primary goal of the project was to display the recipes a user could create based on their ingredients, that was my main focus throughout the project. The databases was redesigned throughout the entire lifetime of the project on several occasions to meet the growing challenges faced by these requirements. The final database for future development (not pictured in this writeup) consists of components akin to a content management system to support groups and components (enhancements and features) that the system would harbor. It consists of  twenty tables as of the writing of this document. 

Version control in the form of subversion (the control system I used) was chosen to maintain a repository and development system that allowed me to revert changes and stay organized throughout the duration of the project. This was incredibly useful and is something I’ll use throughout the future of this project.
5.1 Testing and Debugging

The majority of the time creating this project was spent debugging. Towards the middle of the project, I took a Test Driven Development approach, using the raw database and data to render attempts at creating a working prototype and proof of concept. I spent several hours trying to determine the proper design of the database to support the algorithm I had in mind. Due to the flexibility of the framework (Ruby on Rails) I was able to make changes fairly easily in the application layer to support the many changes I was making constantly to the database itself.
The actual testing of the system consisted of making changes to the application layer of the system and then taking advantage of Ruby on Rails built in console script and webrick server. That is done from the command line for testing using ruby script/console and ruby script/server.
5.2 Prototyping Challenges (Fires in the kitchen)

The most difficult aspects of this project were in the database design and getting a query to properly render the results that I needed to display the recipes users could create. Beyond that, learning Ruby on Rails framework throughout the lifetime of this project remained a constant vigilant effort on my part. Without understanding the ruby language and the rails framework, displaying and rendering the data was hopeless.

The concept of model, view, controller in essence is a simple one, but implementing it in an actual application provided much more of a challenge. Every database table needs to be represented as a model in the application. Every controller must contain the logic for how all of the features in the application work. Every view must properly render the data in a human-readable format. All of these challenges were overcome through trial and error and many hours of debugging.
5.3 Work breakdown

The breakdown of the work involved in this project can be understood through the timeline below represented as a Gantt chart. It consisted of:

· Developing a high fidelity relational database
· Developing an application that interfaced with that database
· Developing an interface that the application used to display the data
The gantt chart below shows an organic coloring to represent the natural progression and at times, regression of production of this project. The red blocks in the beginning actually represent completed aspects of the project. That model was later adapted to a traffic light concept where green represents things working properly, yellow represents a slowing of the progression and red represents nearly a dead halt and large challenges that required being overcome before the project could further progress.
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6. Results

The final results of the project were an eventual success and met the projects goals and specific functional requirements. The application allowed for the user to create an account and to have an inventory of ingredients. As of the writing of this document, only the administrator is able to add ingredients and create recipes for the system. 
6.1 Final program

A final screenshot of the program in action is shown below. The reason for showing this screenshot is to display a returned query, based on the algorithm shown above. The image displayed shows that the user logged in “sarah” which is user #3 in the users table of the database is able to create the recipe casserole which is recipe #3 stored in the database. 

Based on some testing data, the proof of this working is based on the following table of data:

Recipe#|Ingredients|User|Ingredient Inventory|Recipes Users Can Cook|

1      |1,2,3,4    |1   |1,2,3,4             |1,2                   |

2      |4          |2   |1,2                 |                      |

3      |3,5        |3   |3,5                 |3                     |
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6.2 Future development
The future of this project is a bright one and its development is free of any rigid specifications beyond the necessary polishing of the user interface and completing the full-fledged process of tying the application more tightly to the database underneath.

The following are some of the primary requirements left to be done and following those is a list of desired features:


· Allowing the user to add recipes to the system

· Allowing a user to more easily customize their inventory of ingredients

· Enhancing the admin interface for a greater control over users and the recipe system

· Incorporating the rating system for recipes

· Implementing real-time AJAX features such as drag-and-drop ingredients

· Creating a community theme for groups of users

· Adding the suggestion tool for ingredients a user could obtain to further increase the number of recipes capable

· Implementing a large database of recipes into the system

· Polishing the interfaces to promote a more friendly and comfortable viewing environment

· Using units of measure and quantities in an algorithm design to promote more exact calculations of cookbook results
This image shows a concept of how using units and portions could be used for a future enhancement for providing dietary restrictions and features akin to health analysis of food.
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7. Summary and Conclusions

This project was to create a web-application with users who could have inventories of ingredients resembling those in their kitchens (in a digital format) and be able to find recipes in which those ingredients would satisfy the conditions of creating. I was successful in delivering a working proof of concept and prototype based on the required specifications laid out in its inception.

 It proved to be an extremely challenging project, especially in the area of database design. The system currently lacks a shiny admin/user interface and many desired features that would be expected of a full-fledged web-application but the working model representing the concept is in place. 
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8. Code Listing

The code for this project consists of the application and database schema of the project. It is located in the file cbfinal.zip.

The code consists of several hundred files separated primarily into the app/model/, app/controllers/ and app/views/ directories. Those make up the MVC layer of the application. Helper files can be found in the helper directory. Also included is a README for the login system used to handle user logins.
Unit tests can be found in test/ directory although they are marginal. Libraries can be found in the lib/ directory. 

The login_system.rb library is the main one used in this project.
The subversion control system files have been removed (hopefully) to avoid clogging up the code. 

The db\ directory contains the MySQL database and a SQLite prototype used. It is a slightly altered version of the one pictured in the database image included in this writeup to show the latest developments of the database design as of the final writeup of this project.
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