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Program Structure and Coding Style


The T compiler program is a combination of two important modules which will be discussed below. The integration of these modules was a simple task, since they perform two unrelated tasks during compile time. These modules, specifically, are the lexical parser (which came from assignment 2), and the expression parser, or math module (assignment 3). Putting these two modules together yields a program that runs through a set of T statements lexically finding all the expressions to be parsed by the latter module.


The Lexical Parser

Before delving into the lexical parser, some design decisions must be discussed. Firstly, recursive parsing methods were not used in this program. Instead, the parser will use a state machine like system to catch all errors and decide where it is and where it can go. 

The parser will navigate through the string token by token treating white space as an empty token (it will parse white-space but will not handle it in any way). All of the token types which are able to be recognized lie in a large hash table with their grammatical definition in the form of a regular expression match, as well as a custom callback function for each type to handle the match of a token in a specific way to that type. For example, the new line token has a simple callback function to increase the line counter for proper error output.


The Symbol Table


The lexical parser still relies on a symbol table, loaded at the beginning of execution, to define keywords. This file must be ‘symbolfile.txt’ inside the same directory of the program. Inside this are all of the keyword definitions along with their token type information. Keywords have custom token types which are more specific than the generalized ‘IDENTIFIER’ token type. For example, the ‘if’ keyword is an IF_BEGIN token type. This concept becomes important when error checking and states are discussed.

Error Checking in the Lexical Parser

Because each token type has a callback function in which certain variables can be analyzed, the system that was created allows for a very controlled token by token analysis of source code. Error checking was an important part of the design decision in creating the compiler. A new feature was added on top of the assignment 2 parser which stresses the importance of the callback functions. This feature is a state machine like analysis of tokens. From each token, one of the callback functions will set the next possible token, depending on if it is inside an if/while-block or not. If the correct token type was not found from the current token, an expect_error is raised causing code generation to stop and an error message to be displayed. Code checking and subsequent error messages will continue after the next statement has been reached, so as not to display multiple error messages as a result of malformed tokens. This system allows only for a defined set of tokens to be reached from any point in the program, creating a very strict error checking method.

Lexical Parser and States


In addition to token types being regulated as ‘states’, the program also holds state information about the current statement that it is in. This is to hold information until the statement is parsed when all of the statement has been read. The state also is a linked-list data structure, allowing for child states to be linked from a parent. This design choice was created to allow the nesting of if and while blocks inside code allowing for easy traversal of state information for data such as the label name and statement type of a parent node. In an assignment statement, the parser will hold the variable name to be set as well as the expression to set to the variable inside the state information. Upon an end statement token, it will parse the expression (through the math module) and assign the output to the variable name. In a print statement, the expression following the keyword will be put into the state information until it is parsed at the end (again by the math module). If and while blocks will maintain the condition inside the state, as well as the label number for that block. All of these statement types also save the statement type into the state information, so that the compiler knows when it has begun a statement; for if it is already inside a statement, and another statement begins, an error will be thrown.

Upon the end of a statement, all state information is cleared except for the parent state link, if there is one.

The Expression Parser (Math Module)

The reason the term math module is used so often in conjunction with the expression parser is simply because this is basically the code from assignment 3. When designing assignment 3, a mathematical parser for numerical input as well as symbols, steps were taken to ensure that this code could be easily added to the final project. The expression parser sets up an expression into a tree of nodes containing either an operator, number or variable. An operator node always has two children beneath it. Setting the tree up this way allows it to be easily collapsed from the bottom up, guaranteeing that each value occurs in the correct mathematical order for order of operations. One important addition to this parser which the assignment 3 did not have, is support for brackets. The solution to add functionality for brackets was to recursively create a sub-tree for each inner bracket expression and add the root to the current node in the main tree. All that was left to do was change the actual evaluation of operators into the printing of the correct T assembly statements for each node when collapsing. 
Discussion of Implementation Problems and Solutions

In general, there were not many problems met along the path of implementation. There is one, however, that is worth discussing, because it has to do more-so with a design issue than anything else. The parse identifier custom callback function will parse a statement if it reaches an else, endif or endwhile- the reason for this is so that those keywords could be identified as end statements. Consider the following code:

if 5 then if 5 then if 5 then print 5 endif endif endif

Without forcing an endif to be the end of a statement, the program would continue processing to the end of the code, because the compiler only recognizes ‘;’ or EOF as the token type of ‘END_STATEMENT’ (which will call the parse statement callback function). Therefore, certain keywords must force the evaluation of a statement. The problem with this, is that if an endif is evaluated, the state information is cleared and the compiler thinks there is no statement to parse. However, if this endif lies before an ‘END_STATEMENT’ token type, the parse statement function will be again called on an empty statement, which would originally generate an error. Consider the following code:

if 5 then print 5 endif; print 1
In the example above, endif would originally clear the state and the ‘;’ character would generate an error saying there was no statement to parse. The solution to this was to create a dummy statement type after parsing the endif/endwhile/else so that the compiler would think it was still inside a statement.

The drawback to this solution is that the parsing of end statements is now much more liable to be the source of a bug in the compiler. Therefore more testing on end statements were performed.

Testing the Implementation

To test the compiler, source code given by Ya Cheng (http://www.cs.concordia.ca/~ya_cheng/ta229.htm) was used. All of the tests completed successfully in the end. In addition to this, customized stress tests were done for if/while blocks to test the ability to maintain the proper state information when leaving if/while blocks. This was also to test the end statement issue discussed above. One example stress test is as follows:

if 0 then if 0 then if 0 then if 0 then print 5 endif endif endif else 


x=10; while x do print x; x=x-1 endwhile 

endif; 

print 0

Tests were also performed to test the accuracy of error output, by removing necessary keywords and testing if the error messages were intuitive and correct. All tests performed so far have passed. This, however, does not mean the program is perfect.
Project Log
March 14th 2005: I finally completed the while and if statements, as well as printing. So in the next few weeks I will be spending my time cleaning up the code, which probably means gutting it and writing it again from scratch? Let's hope it doesn't come to that. Though, the next definite task is to improve the error reporting. It seems as though the method I used in assignment 2 (see lexsym.pl) doesn't really work quite well for this system because there are so many more rules after implementing if/while, and the grammar for the next statement is rather ambiguous. Anyhow, better error reporting is needed. Hopefully I'll clean up the code once I figure out an elegant way to do the reporting. - Loren
March 22nd 2005: Error reporting has taken new shape and after trying to redesign the compiler from scratch I decided it is better off fixing what I have. I decided to implement an expect_error function which emulates a sort of state machine. Every token now has a list of token types it can go to from a current state. This has made error reporting a easier to implement. All that is needed now is some stress testing and patch up all the little error reporting flaws and discrepancies.
April 12th 2005: This is the final version of the compiler. I have completed all the error checking and design of the language specified. In some cases this compiler is rather bulky, but this was due to the design options I chose early in the design stage. I do, however, maintain my opinion that any other design options would probably end up being just as bulky if they all had as much functionality as this does. Error checking on this is about as good as it can be. At some points I feel like some error checking is just a bunch of hacks, but in general, the error checking system is very streamlined and integrated into the code parsing system. It feels good. I don't think there are any errors, if there are, they should be minor. All tests I ran passed perfectly.
