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A Simple Common Lisp Web Server

One of the neat features of lisp is the ease with which it can be used to throw together a fairly complex application. In this case the application is a fully functional web server. A little bit of code modularity and the appropriate use of macros to hide the uglier details means that – with the help provided here – you will be able to create your own simple web application, whether or not you previously knew anything at all about how web servers work.

The hard part has been done for you: I am supplying you with the guts of the server, utilities for generating simple web pages, and two working examples. The whole thing comes out at around 450 lines of code (of which just over one third is comments).  The only problem from your point of view will be that the source code (around 60 lines in my implementation) for one of the two examples is "missing" and you are asked to recreate it.

In this document you will find

· A manifest of files supplied and their location on the server "beta"

· A list of deliverables and other ground rules

· System requirements

· Quick Start guide

· An introduction to the principal components of a web service

· Documentation on the source code

· List of tasks 

Please read this document through very carefully as it contains information and hints which may be vital to your success with the assignment. 

The assignment is due by the end of week 11 (December 8th – room 610 closes at 3:15 p.m.)
WORKING ALONE

The principal ground rule in this assignment is that you 

must work alone. You may discuss the project with others 

in general terms, but the application and lisp code which you hand in 

must be yours and yours alone.



Nick Levine

2000-10-24

Manifest
The following files may all be downloaded from


http://beta.csd.anglia.ac.uk/~nlevine/assignment/

· This document is "assignment.doc"

· Subdirectory "code" contains six files: five are lisp source code and one is a precompiled lisp binary.
Deliverables and Ground Rules
· A brief demonstration of your application, during one of the practical sessions in week 11 or 12. Week 12 will undoubtedly be hectic, so you are encouraged to have your software ready to show me in week 11 if at all possible.
· A short written description of what you have attempted to do, including 
· design notes;
· test results;
· anything else you feel I ought to know.
· A full listing of file "application.lisp" (plus those files which you have added to the system, if any) containing all your source code, as described in the list of tasks below. Please note that:
· All code listings must be printed in a fixed-width font (e.g. Courier) and sufficiently correctly indented that I do not feel a burning desire to re-indent them and print off a new copy myself. 
· If your code line-wraps when you print it off, please turn the paper around and reprint in landscape format. If it still line-wraps, the lines are too long – fix them.
· Code should be sufficiently well commented that I understand your intent. Well commented but partially broken code will attract good partial credit.
Code listings which are printed in variable-width font or which are not properly indented or which line-wrap unreadably will attract a penalty.

· If you have made any changes to any of the other files, then you must include a full listing of each file which you have modified with all changes clearly commented. Please do not confuse the issue by including listings of any files which you have not modified.
· A floppy disk containing all your working source, in other words all five lisp files, whether modified by you or not, plus any further files which you have added to the system, plus the one compiled file supplied to you. Please be considerate as to how you attach floppies to your work – if I can’t get them out without a 20 minute battle I won’t bother and will just assume the worst. I would appreciate it if 
· the source files are all in the "top level" of the floppy (i.e. not in a subdirectory) 
· the floppy does not contain any other files
· the whole application just runs "out of the box"
· the code on the floppy is identical to the code printed in your written report
· Any written evidence to support achievements under the "Added Value" heading, instructions for how to run your code if appropriate, and so on.
· I am a real killjoy when it comes to pictures of ducks hammering computer monitors, people growing question marks out of their heads, and so on. Please: no clip-art.

· In general it is your right to submit this assignment anonymously, i.e. with SID only and no name, and you will not be penalised for this. However, I would encourage you to include your name as well as your SID, so that I can more easily give you individual feedback, and so that a single error in writing your SID (or my reading it) will not result in you getting zero marks.

· If you particularly want to implement some application to serve on your web page, other than the calculator, I am willing to entertain suggestions. But you must get approval from me before you start work on this. Alternatively, any budding compiler-writers who would rather do last year's assignment instead are most welcome to do so, but again you must get approval from me before you start work.

· Enjoy.
System Requirements

I am distributing this software on the assumption that you have access to a computer running Windows 95 or higher, on which Xanalys' "LispWorks for Windows" has been successfully installed. Note that in addition to the computers in room 327, all the machines in zone B of the SRC run this software.

Note for users of Windows 95: HTTP is a TCP/IP socket-based protocol. The TCP/IP streams feature in LispWorks for Windows 4.1 requires a WinSock 2 implementation to function. The WinSock 2 DLL is distributed with the NT and Windows 98 operating systems, but not with Windows 95. The DLL is included in the LispWorks for Windows distribution and you will be prompted to install it if both:

· you are running Windows 95, and 

· you have not already installed this DLL 

Alternatively, the WinSock 2 DLL is also available from Microsoft's web site:

http://www.microsoft.com/Windows95/downloads/contents/WUAdminTools/S_WUNetworkingTools/W95Sockets2/Default.asp

Linux If anyone wants to develop their software on Linux (using Xanalys' "LispWorks for Linux") they should contact me and I will supply them with a copy of the "hidden" file, compiled for that system.

Other lisps I see no reason why this software should not port rapidly to other lisps, for example Franz Allegro, but I have not tried it. The only (substantive) change necessary is the rewriting of function start-service in "server.lisp". I will award credit for successful ports to systems other than LispWorks but you should contact me to discuss this course of action before embarking on it.

Web browser In addition to a lisp system, you will need a web browser. I have explicitly tested this software in conjunction with Netscape Communicator 4.7, Internet Explorer 5.5 and Lynx 2.7; however I would be surprised if it failed to work on any version of any popular browser. Please contact me if you encounter any specific difficulties.

Quick Start

To get this software up and running fast, follow these instructions:

· Check the "System Requirements" above before you start.

· Start LispWorks on your computer

· Use the File / Load… menu on the LispWorks podium to load the file "defsys.lisp"

· Evaluate the following form in the listener, to compile and load the rest of the system:

(compile-system 'server :load t)

· Evaluate the following form, to start the server:

(start-server)

· Start your favourite Web browser on the same machine and type the following URL into the location bar

http://localhost/
· Examine the page that is now displayed. Compare it with the code in "application.lisp", particularly the function generate-demo-body. Note the use of format.

· Now follow the "calculator demo" link. Explore the calculator until you have a good feel of how to use it – it's pretty limited so that shouldn't take you long.

· Comment out the code in "application.lisp" (e.g. using #| … |#) and start replacing it with your own. Start by generating a web page which just displays your name or something. 

· Graduate to a page which notices its input (i.e. the contents of the request that's been passed to it), even if all it does is print it back to the user – test this by typing things in the location bar of your browser and watch them come back to you on the main page.

· Add some links and make sure they are working as you would expect.

· If you haven't read this document to the end yet, do so now. Try out the tracing suggestions. 

· Then what?

Introduction to Web Servers – HTTP and HTML

A web server could loosely be defined as a computer program which, following agreed protocols, supplies information on-demand to other programs (called clients) which will typically be running on remote computers connected over the internet. In an attempt to tighten this statement up a little, we observe that 

· the client is typically a web browser such as Netscape, Internet Explorer, Lynx, etc.

· communication between clients and servers typically uses the protocol known as HTTP (the HyperText Transfer Protocol) and

· the most common form in which the requested information is delivered back to the client by the server involves a markup language called HTML (the HyperText Markup Language).

You do not need to understand any HTTP in order to carry out this assignment. However, you may find the following information useful. 

· When you activate a web address (i.e. a URL) in a web browser, whether by typing the address into the location bar or clicking on some active area inside the browser, you are asking the browser to make a request to some server. 

· The URL consists of three elements:

· the name of protocol to be used

· the "address" of the computer which is to serve this request

· the request itself

For example, the request


http://search.yahoo.com/bin/search?p=RFC+1945

asks the browser use HTTP to obtain the information described by "/bin/search?p=RFC+1945" from the server "search.yahoo.com".

· The server processes the request string (in this case "/bin/search?p=RFC+1945") and generates a reply. It then uses HTTP to send the reply back to the client.

The reply which the browser receives consists then of content wrapped up in HTTP. As already noted, the commonest form for this content is HTML. HTML is not a small language and I am not expecting you to learn it. Help with enough features for you to complete the assignment is given in the source code. However you will need to know a little bit about it:

· HTML is a markup language, meaning that it supplies information telling the web browser how to display the content (for example, to display it in bold font, or centre-aligned, or in a table or a frame). 

· HTML is also a hypertext language, meaning that it supplies information to the browser about regions of the display which should be active: when the user clicks on such regions a new HTTP request will be made and a fresh HTML page generated and displayed.

· Both the markup and hypertext instructions are embedded in the HTML document in the form of tags. The textual content to be displayed is "in clear". The entire document consists of readable ASCII.

· For example, the HTML to display the phrase look at me in bold is

<strong>look at me</strong>
Documentation of the Source

The source code consists of the files listed below, and these are described in more detail on the following pages.

defsys.lisp
system description: lists remaining files in order

server.lisp
HTTP server

macros.lisp
macro support for html generation

html-tags.lisp
functions for generating html

application.lisp 
sample application – throw this away and replace it with your own 

hidden.fsl
code to drive calculator example, pre-compiled

defsys.lisp

This file contains a description of the complete system: it names the other five files and gives their loading order and compilation dependencies. 

Each time you start a fresh lisp image you will have to start by reloading this file. There are several ways of doing this, for example:

· opening the file in the LispWorks Editor and selecting the File / Load option off the right-button menu

· selecting File / Load … on the podium's menu bar

· calling the function load in the listener, for example:

(load "c:/windows/desktop/lisp/defsys.lisp")

Once you have loaded this file into a lisp session you do not need to repeat the operation, unless you have changed the defsystem form (for example, because you have added an extra file to the system). 

After you have loaded this file you can compile and load the rest of the system. Again, there is more than one way to do this.

· Type the form

(compile-system 'server :load t)

        into the listener
· Alternatively, use the Tools menu on the podium to open the System Browser. Right-click on the server system and select the menu item Systems / Compile and Load. Double-click on the server system to expose a list of files; you can double click on these to edit them.

As you edit the code (for example, in "application.lisp") you will periodically want to reload it. You can do this using either of the methods for compiling the entire system, as described above. Note that this will not work unless you have saved your work back to disk first! Type "Control-X S" to check that all your buffers have been saved. Alternatively, if you have only changed a single file you can reload just that.

server.lisp

You shouldn't need to dig into this file at all, but the following information will be of help.

The code in "server.lisp" contains all the code needed to serve HTTP requests. It performs the following actions:

· listens for socket connections on port 80, 

· spawns off a new thread to handle each transaction, 

· parses the incoming message for the actual request, 

· passes the request to the function generate-html (in "html-tags.lisp" – see below), 

· sends the HTML reply back to the client and finally

· closes the connection. 

To start the server running, evaluate the form

(start-server)

If for any (unlikely) reason the server becomes totally wedged, you can restart it by evaluating this same form again. 

If you reload part or all of the system, you (almost certainly) do not need to restart the server. About the only thing that I can see that would necessitate a restart would be a new value of *http-port*.
The server will be equally happy responding to requests from your own machine (see the localhost example under "Quick Start" above) or from anywhere else in the world, so long as you know your machine's name or IP address.

There is a helper function hunt-for-token at the end of this file, which is used for parsing the incoming message and which you too might find useful.

macros.lisp

This file contains two macros which are used in the compilation of the later files. 

The first, with-tag, is used for generating HTML tags. You'll see plenty of examples of it in "html-tags.lisp". It's possible to create a simple application just using the helper functions in "html-tags.lisp" so you may not need to make direct use of this macro yourself. However, it is there for your use if you want to spit out any HTML features which I haven't covered.

The other macro, with-debugging, is used once in my code (function generate-html in "html-tags.lisp") to capture any trace results and other debugging information which you might generate when developing and testing your code. (You will definitely not need to call this macro directly yourself.) 

All trace output will be inserted at the head of the html page generated – to see this in action try typing the following form (e.g. into the "lisp evaluator" text box on the demo page)

(trace generate-body tag-parameters)

and redisplay the page. Note that "unprintable objects" - these would print in lisp as #<something> - will confuse the HTML client (because the "<" character is seen as the start of an HTML tag) and typically be represented in your web browser as the single character "#". [Work around this nuisance if necessary by getting your web browser to show you the source of the html page you've generated; gain some extra credit by fixing it – see me for further information if you want to try this.]

html-tags.lisp
This is the point at which you have to start getting more of a feel for what the lisp does, even if you don't care to understand how it does it.

The first function in this file, debug-format, can be used for printing debugging information direct to the web page you're generating. It will appear along with any trace output at the head of the page. (Try it out.)

This is followed by generate-html, which as noted above is called by the HTTP code every time a new request is received. This function takes two arguments: the request (a string) and an output stream. Any output sent to that stream will form part of the HTML content returned to the web browser. This function calls two others in particular: generate-title and generate-body, in both cases with the same two arguments. The return values of these two functions are irrelevant so don't bother with them for now.

· generate-title should output one line (shortish) of text to the given stream – this will appear in the title-bar of your web browser. 

· generate-body should generate the contents of the page itself. 

More about these in "application.lisp".

All the remaining functions in this file are html-generating utilities which you might want to make free use of. The first three control layout of the text etc on the html page, the other two offer controls so the user can send requests back to you. 

application.lisp / hidden.fsl

The lisp file implements a very simple demonstration consisting of

· sample definitions of generate-title and generate-body and

· use of all of the html-generating features supplied in "html-tags.lisp"

· a link into another demonstration (a primitive calculator)

The code is commented. 

The calculator is defined in "hidden.fsl", which is precompiled so you can't see how it was implemented. Its controls are primitive: they consist of the ten digits, a "+" to add to the total and a "C" to clear the total and start again.

Your job is to implement the calculator yourself, replacing the contents of "application.lisp" with your own code. 

Your task is to re-implement the calculator demo
Please be clear about one thing: this is not an exercise in HTML – all the features you need can be "borrowed" from the code in "application.lisp" supplied to you and you will not necessarily get credit for using anything flashier.

Task 1     A pass can be achieved by a working implementation of the primitive (12-button) calculator, provided that everything for under "Deliverables" above has been satisfied. At this level the calculator need not be "multi-user" – this means that the state of the calculator (e.g. the current total) can live in the application and need not be passed from the browser back into the client: if two browsers connected simultaneously they would probably interfere with each other.

[up to 50 marks]

The following will turn a bare pass into something more grand. The more the merrier.

Task 2    Implement a "full" calculator – decimals, all the operations (and handles division by zero), the usual "memory" features, whatever you want to impress me with.

[up to 10 marks]

Task 3    The calculator demo supplied to you is "multi-user" – several people could connect simultaneously and their uses of the calculator would not "collide" because its internal state is passed back to the user, which returns the state to the server as part of the next request. Implement this level of service.

[up to 10 marks]

Task 4    By typing partial nonsense into the location bar you can with a little care break my calculator demo and force a lisp error. Make sure your application is fool-proof but that the code to check it looks "clean".

[up to 5 marks]

Task 5    (Harder)     The code in "application.lisp" is revoltingly simple (I wanted to show the features of this software very clearly for you) but inelegant in two ways. The first is that the HTML output is produced in an "imperative" style – a series of commands send a sequence of strings down the HTTP stream. A functional style (functions called for their results rather than their side-effects; strings built and joined together and finally returned to the code in "server.lisp") would be much cleaner. You will have to modify code in more than one file to implement this.

[up to 20 marks]

Task 6    (Harder)     The other quick'n'dirty aspect to "application.lisp" is the chained use of string matching functions to parse the incoming request. Rather than testing (string= request "/")  and taking one course of action, then testing the string for some other value and taking another course of action, how much cleaner the code would look if we could state:

(def-url "/" ...)                   ; define root page 

       or 

(def-url "/eval.html?data=" ...)    ; define eval action

   etc. In the latter case we still need to access the rest of the request (everything after the "="). If 

        

(def-url "/eval.html?data=$datum" ...)

   can be persuaded to bind the variable datum appropriately then I will be very pleasantly

       impressed.

[up to 25 marks]
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