Background: Yall

Yall is a group messaging and event scheduling service, developed during Spring 2003 for a class project. It was written in PHP and it involved user logins, session state, cookies, complex database queries, and detailed HTML output. We designed Yall with the feel of an application, rather than thinking about it as a “web site.” We felt this project would be an excellent way to compare the features and development styles of PHP and ASP.NET.

In the summer of 2003, we implemented Yall using ASP.NET and C# running on Windows Server 2003.
Overview:

The most interesting aspects of the project were in how the environments made us think; we include specific technical comparisons as an appendix.

The two systems gave us practice thinking in very different ways, and ASP.NET gave us a perspective that we hadn’t experienced in our undergraduate Computer Science education. These observations are based on our experiences as undergrads and from working on our summer project with .NET. This may not apply to all students, but we think many will have similar experiences.
You can… but do you?

We came upon an important realization that appeared many times throughout the summer: what you can do with a language is very different from what you actually do. 

As an example, consider code organization in C and Java. One could use structs and naming conventions to emulate classes in C, but it is a lot of work and not part of the language. For this reason, most C programs tend to have the same, procedural nature.

Likewise, some functionality of ASP.NET, such as pre-built controls, could be emulated by PHP but the language is not supportive of these features. In practice we found that we did not implement them the ASP.NET or object-oriented way, though it may have been possible.

However, just as programming in Java can improve your C, and vice versa, we believe that programming in ASP.NET will have a positive effect on our PHP. This issue is discussed later; we found the change in programming styles very illuminating.

Development: How it differs, and our observations

The greatest difference between ASP.NET and PHP is in the way we designed our programs. ASP.NET offers a methodical, holistic approach while PHP encourages more low-level rapid prototyping. This difference is further compounded by the object-oriented nature of C# versus PHP’s scripting features.

Premade and Reusable components

ASP.NET focuses on pre-made controls, such as text areas and dropdown lists, which are easy to insert into a program. The actual HTML behind the control is hidden, and the programmer can treat it as an abstracted object, with properties such as text size and font color.

In PHP, any such organization is left to the user; in our experience as students, this organization was not done. Though it is possible to encapsulate controls in functions that print the proper HTML, it is often easier to write the HTML as needed.

Controls are one of ASP.NET’s largest advantages. Knowledge of HTML is not required, and it really felt like we were writing a traditional application, not a webpage. In PHP, by contrast, you had to be intimately aware of the HTML because you were printing it directly; you have to look up the HTML for unfamiliar components (such as a dropdown list). In ASP.NET, controls can be inserted and their properties examined via the IDE (this acted as self-documentation). However, we recommend that ASP.NET programmers know HTML, because it helps when debugging or creating simple pages that do not require controls.

Most importantly, controls allow a page to become very dynamic with different, self-contained sections. A control encapsulates its attributes in a class, and any property can be accessed; the programmer does not have to create variables for things like font color or size. These properties are already available as public members of the control. 

In PHP, to change any such attribute you need to plan ahead or go back and add in code. Because you are printing HTML directly, you would create a variable (such as bgcolor) and set the proper value at runtime. If you have multiple controls, the number of variables can become cumbersome when you are passing them between pages (or for page reloads). ASP.NET, by contrast, has a “Viewstate” that remembers the settings for each control, and it hides the details of passing this information. Because of this, such features require a lot of effort in PHP. Also, we even didn’t think about using them because they weren’t easily accessible.

Controls: Observations
Controls allowed us to think about the program at a much higher level, without concerning ourselves with the details of HTML. 

As a result, we began to think in terms of controls and user-interface features, rather than simply trying to get the code working and throwing together an interface later. A great example is the “visibility” property, which could hide or display the control. If it changes, the page reloads with the new settings. This gave us the idea to dynamically show/hide messages as they were read, and was extremely easy to implement. 

In PHP, we would have to create variables for each control and pass these via the URL, which can get very messy. Also, we would have to find the beginning and end of code to throw into an “if” statement instead of changing a single public property.

Thinking about controls without the worrying about their details was useful from both a design and programming perspective.

Coding

ASP.NET felt more like “traditional” programming than PHP. It was fairly methodical: the proper namespaces and classes were created, variables declared, and events handled when buttons were clicked. In fact, the web application we created could easily be converted into a regular, standalone program. Details such as HTML and the stateless nature of HTTP were hidden from us.

PHP, by contrast, was a scripting language and felt like one: we quickly wrote code to print HTML directly. Our programs were very linear, running from top to bottom with some dynamic elements. The coding was relatively quick and dirty: variables were dynamically declared and HTML output was mixed into code. Our PHP code might have been written faster than usual because it was created during the school year, with deadlines and outside time constraints. However, the design of the language was definitely conducive to this style of programming.

The idea of separating interface from implementation was much more prevalent in ASP.NET, especially since controls already had their HTML hidden. While it was possible to mix code with HTML, by default the IDE created a separate file. This helped keep the pages very clean; controls were declared inside the HTML, but their logic was encapsulated in a separate file.

Coding: Observations

We found that separating HTML from code has great organizational benefits: the code is easier to read, change and understand. This is probably most useful in large projects when the designer might be a different person than the programmer. 

However, the overhead of Page properties adds a certain amount of abstraction, which can make it confusing to follow how and in what order ASP.NET executes code.  Eventually, we worked through the confusion of properties such as AutoEventWireup, but the combined effect of the various page properties is not always straightforward.

ASP.NET was very useful from an interface point of view. We were encouraged to design pages visually instead of writing plain HTML. Also, it was easy to design the interface and then work on the code, rather than writing the code and hacking together an interface. In our experience with Yall, we’ve found that interfaces can require as much or more tweaking than the code, so this separation is very valuable.

The organization of ASP.NET came with a price: it took longer to setup and felt much “slower” than the quick scripts of PHP.

Debugging

Programming and debugging go hand in hand, and ASP.NET was no exception. Luckily, Visual Studio.NET made this task simpler. We could set breakpoints, examine variables, and receive (occasionally cryptic) messages when an error occurred. However, ASP.NET made simple printf-style debugging cumbersome (text was not printed directly; a label could have its text property set). Occasionally the powerful debugger was necessary to follow the complex flow of code.

In PHP, we had no IDE and thus used printfs for debugging. This method works well for many situations, since we mostly output text in a linear manner. However, there were a few instances where breakpoints would have been helpful.

Without an IDE for PHP, we used simpler debugging methods, but these usually sufficed. The more powerful debugger in Visual Studio.NET was almost necessary to debug ASP.NET effectively.

Debugging: Observations

Because most of our programs at Princeton are developed at the command line, an IDE and visual debugging were relatively new to us. While the echo/printf method is very straightforward, we feel it is important to be exposed to more powerful methods (like GDB or Visual Studio). Debugging is a crucial skill, and while most students devise their own methods, it would be very helpful to explicitly teach alternatives.

Development Summary

Overall, we found ASP.NET more formal than PHP; classes were organized and designed beforehand, control logic was separated from the HTML, and debugging was done via a large IDE. This overhead made projects progress more slowly, but in a more organized and extensible fashion. This difference is primarily due to the object-oriented vs. scripting nature of these languages.

Another tradeoff comes with HTML, which PHP requires you to know. We feel that one shouldn’t attempt a web project without knowing some HTML, so perhaps PHP is a good language to learn before moving on to ASP.NET’s abstractions.

ASP.NET helps keep the code organized in the long run, but that is only assuming that there is a long run. For many class projects, it is more important to learn and experience the class material rather than trying to make a fully functional and organized software product.

The fundamental tradeoff between enforcing solid organization skills and teaching the primary material in undergraduate CS classes is discussed below.

“Just Getting It Working”

Outside time constraints of University Student life


As undergraduates at Princeton, we have many different classes, assignments, social activities, and other commitments throughout the semester. Our time is definitely stretched, and there isn’t always enough time to fully commit to every class and assignment. That might mean only reading half of the English novel one week, or it might mean rushing the coding a bit for a CS (bi)weekly assignment. Sometimes you spend all your time figuring out the primary material in the assignment, with little time to organize or document the code. Additionally, a lot of the weekly assignments don’t involve much code, and so the organizational techniques of larger projects may not even be needed.

Time constraints of University Professor/TA Life

Likewise, on the Professor’s end, the class time is also limited, and there may not be enough time to teach/enforce good coding habits in addition to teaching the main subject matter of the class. Coding style isn’t enforced very strictly in the grading or teaching of most assignments. If each professor spent his/her time focusing on coding techniques, the lessons would become repetitive and old. In this way, it makes sense that the classes don’t emphasize proper coding organization and documentation. But if nobody emphasizes it, then the students miss out in the long run.

Developing Habits vs. Knowing What To Do
One of the hardest aspects of organization isn’t the knowledge of what techniques to use; it’s the act of forcing one’s self just to sit down and do it! If possible, the organizational techniques should be developed into habits, rather than just skills and knowledge.

It is true that we learn style and organizational techniques in the intro classes, but these habits are not reinforced throughout our other courses. We might learn a coding structure or style and use it diligently for that one assignment, but then we’ll return to the “easier” ways of coding that we are used to. Sometimes an assignment will clearly be easier with a more detailed organization, and in those cases we have learned enough to use such techniques. But, because we often get into the habit of coding quickly with little organizational overhead, it may sometimes be hard to recognize how and when to use these skills.

There is no Long Run

Even if we do recognize that better organization and documentation may be helpful in the long run, we might not bother with them if there is no long run for the assignment. You don’t have to go back and make a version 2.0 of most assignments, and you can get away with a few bugs, inconsistencies, and lack of code reuse because the assignment is over once you turn it in. Ingraining these habits might require more long-term projects, which truly demand more organization.

Identifying the problem: Weekly assignments develop poor organizational habits


In the “real world” of academia/research or industry, we will probably have more long-term projects that demand more organization and constant upkeep. In our undergraduate weekly assignments, each program usually does not depend on the organization or cleanliness of the previous program. The makes it easy for students to fall into the “just get it working” habits. Although it is probably hard to teach the material any other way, the fundamental nature of weekly assignments might build coding habits and practices that are not well suited to post-graduate projects.


Iterative weekly assignments: A possible solution

One approach to fight this could be to create weekly assignments that build upon each other, leading to the completion of a larger program in the end. It might be hard to develop such assignments, while still teaching all of the subject material, but it might be doable for some classes.

There are some classes where with iterative assignments that require more careful organization, such as Networking. This class is not required however, and it is possible to get by without experiencing this motivation for advanced organization.

333 Project does teach organization style:

All in all, the 333 group project taught us a lot about organization and design, which is something we did not experience through other classes. The problem is that even though we learn the concepts of good programming skills, only the 333 Project (and maybe IW) even begins to truly enforce and encourage these habits. We, or at least some/many of us, have to fight to break our previously established coding habits when organizing these larger projects.

Possible Solution: Highly Structured Languages Can Enforce Organizational Habits

Maybe using a framework and language such as .NET or JAVA could help enforce this organization until it became habitual. There may be an educational advantage to a programming language or environment that doesn’t allow you to cut corners as easily.

“Research” style programming also is important

A more organized environment might give less time to teach the main subject material, and so there is a trade off of what the students learn. Also, the habits and skills of cutting-corners and developing quick prototypes are important to experience as an undergrad in a research institution. It would not be good to focus so heavily on organization that the students don’t experience the “research prototyping” mentality as well.

How can Students Get the Best of Both Worlds?

Ideally, the classes could still teach all the material while also enforcing good, clean programming style in the assignments. Maybe this can’t be done. Maybe it isn’t necessary, and it’s something better suited for learning in the workplace. Maybe it just means demanding more in the grading of the assignments so students can’t slack off as easily. Even little organizational techniques, like consistent naming of variables, could become habitual if they are enforced right from the start with the weekly assignments.

Difficulties in teaching organization as a single assignment or in lectures:
One needs to experience organizational techniques in the context of a long-term project in order to fully appreciate the benefits. This understanding may be difficult to briefly cover as a single assignment in a course. Even if an assignment is able to teach the techniques and style, it may be much harder to motivate the students to use such a style in other assignments or projects. Likewise, if the extra organization really is not necessary to complete most (bi)weekly assignments, then there is even less incentive to use and develop these skills. By the time students get to Independent Work or larger group projects, they may be more used to quick and dirty coding, and they will use that style if they can get away with it.

Different Priorities: “Proof of Concept” vs. “Professional Application” in Academia Research

Even if Microsoft’s .NET framework is a better-organized programming environment compared to the environments for PHP or other languages, .NET still might not be applicable for Academia. Microsoft .NET provides extensive tools to create a professional and complete application, but perhaps this is not always needed in much of academic research. If Academia is more focused on developing the subject matter and “proof of concept” prototypes, the overhead of .NET won’t always mesh with this development style. Perhaps a quick script is enough to demonstrate a system that doesn’t have everyday users or customers.

A prototype might be easier to develop without .NET, but then again, it may be tempting just to extend the prototype when you have real users, until the code becomes too unwieldy. Therefore, the .NET environment could still be helpful in many larger research projects, but when the research is low-level or a simple prototype then .NET might add unnecessary overhead.

Why we should experience the .NET environment:
Some students/programmers may not like the .NET framework, because it forces them into a certain style of programming. They might prefer a language that allows them the freedom to organize their code in a less restricted manner. For many smaller projects, the overhead of .NET probably is unnecessary, and one can even code a larger project cleanly without the forced organization.

As discussed above, however, students often will sacrifice the organization and style of their code for just “getting it working.” Unless it is required, these students won’t gain experience in organizing a larger software project in a well-organized and documented Object Oriented manner. One might code with the tools and styles that they are accustomed to coding instead of learning a new and better organization.

Carrot vs. Stick… vs. Blinders (or, How ASP.NET can help) 

If the language and framework prevent sloppy techniques and guide the student to develop better habits, the students might learn to appreciate these methods. In this way, instead of giving the student a carrot for good code and a stick for bad code, you put the student in a situation in which the environment guides and pushes the student to organize his or her code. 

For our COS 333 project, we did spend a lot of time planning and organizing the database and interface design before jumping right in. But still, when we began to write the PHP pages, it was very easy and tempting to simply create new fully functional (self-contained) pages, and link to them from the main Yall page. We did organize much of the code into common functions and includes, but still there is some code that appears in multiple files unnecessarily. Time pressure, and the desire to get the project working in the short-term, led to code that was sometimes quick and dirty.

Drawbacks to requiring ASP.NET organization in a class project:
If we had been forced to write Yall in ASP.NET from the start, we probably would have implemented fewer features, and we would not have had time to get test users on the system early enough to critique the interface design. Working with the users and being able to respond quickly to their concerns was a major learning experience for us. The loose structure of PHP allowed us to constantly reshape the project while we were still in the process of developing it.

The freedom and curse of PHP

Within the time constraints of a half-semester project, PHP allowed us develop a complex prototype, but it further encouraged the use of quick hacking and unorganized code. It was a lot of fun for us to quickly create new features and to work with real users. Well-organized code takes time, effort, and patience. Now that we are continuing to work on the project, we see that a more structured organization would have helped us in the long run. Actually, we knew during the semester that more organization would be beneficial, but we sometimes put off the organization in favor of a quick change or new feature. This is both the freedom and the curse of using PHP.
Applying organizational habits to other projects
Experiencing an style of coding like ASP.NET and C# allows students to experience the benefits of organization, which they might apply to other projects. The different way of thinking about the code with an Object Oriented framework likely will introduce new ideas and directions for projects. If students are exposed to OO organization early on, then they might be more likely to use it effectively in their long-term Independent Work projects as juniors and seniors.

Develop organization skills before Independent Work Projects

My (Jacob’s) Independent Work project was the first time I really organized my code into classes and objects (with Visual C++). Learning the syntax and structures of C++ was not a problem, for the experience in other classes made it very easy for me to adapt to the new language. However, I did not have experience in planning and organizing classes for a large project, and this is where I probably could have been more efficient with the code and design. While Independent Work is an excellent opportunity to gain experience in organizing a long-term project, I could have used just a little bit more preparation in designing and organizing the class structures before starting such a project.


Conclusions

As mentioned in further detail below, Also, as students with programming assignments, time is typically our largest concern, not lack of organization. For smaller one or two week projects, PHP would probably be ideal, since it can create output very quickly and can create simple interfaces as required.

On larger assignments, such as independent work or collaborative efforts, code organization and reuse is important. For example, code must be changed after one has forgotten how it was written, multiple people must work simultaneously, and instructors may require checkpoints and outlines. As the project becomes larger, we see more reason to use ASP.NET.

Appendix:

Technical Functionality

Our goal was to write about our experiences with ASP.NET and PHP, and less so about their specific technical differences. However, a few issues did arise which did effect our coding.

ASP.NET offers a “viewstate” feature that allow the previous settings of a page to be remembered. For example, if a user types a form, submits it with errors, and then presses the back button in their browser, their original text is preserved. In PHP, it is messy to save data for postback and reuse, so this is a definite and noticeable improvement for a user. Also, ASP.NET makes it much easier to reuse objects, requiring us to query the database less.

Other fundamental differences (like ASP.NET being part of the .NET framework) were not as relevant to this report; such differences can easily be found on other websites.

