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Project 7. Compiler  
 
Instructions: Follow lab instructions below and complete the following:  

1. Create a lab report and submit/upload via canvas as a .pdf . See Lab 
Report Specs document for formatting details. 

2. Commit code to your personal branch as instructed 

 
Key 

 Methods / Procedures: are enumerated. 
 Questions: are italicized and generally ask you to share your observations 

and conclusions. 
 Commit instructions: Code to commit to your branch are underlined. 

 
 

Objectives: Investigate a Top-Down Recursive-Descent Compiler, Edit Compiler to 
update programming language to include a new control structure.  
 
Note: In this project we will topically discuss compilers and focus on the “computer 
systems” implications. You will investigate the theory and concepts underlying 
compilers and interpreters more deeply in your PL course.  
 
Investigate Compiler 
 
A compiler is a program that runs on a computer, like any other. What differentiates 
a compiler from other programs is that a compiler takes as an input source code of 
some programming language, and outputs the translation of the input source code 
to (usually) a lower level language, such as assembly or binary. Thus, the compiler is 
simply a translator that translates a higher level language to a lower level language. 
An example of a compiler is gcc. Gcc takes as an input a .c file and outputs a binary 
file (the translation of the .c file to a binary executable of the target architecture). 
 
Compilers consists of tokenizer, parser, and translator “segments”. (Though these 
segments are often integrated.) 
 
Tokenizer -> Parser -> Translator. 
 
In general parsers can be top-down or bottom-up. (This simply refers to how the 
parse tree is built: starting at the root or starting at the leaves, respectively.) In this 
project, you will be working with a top-down recursive descent parser which both 
tokenizes and parses the input source program, then translates to LC-3 assembly. 
Based on the rules of the input programming language, the compiler will call the 
appropriate helper functions to parse the corresponding language structures (for 
example a “while loop”). 
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In this project, the compiler will translate a programming language called X (which 
is largely a subset of C.)  
Lets begin our investigation (… how exciting!) 
 
 

1. Update your local copy of the …/projects2/tools directory using svn up. 
 
A folder named X-Compiler-LC3 should be copied to your working copy. The 
compiler code is contained within this directory.  
 

2. Open the compiler program named xx.c using a favorite editor.  
 
At the top of the program, all of the recursive descent functions are prototyped and 
the syntax rules of the X language are listed. 
 

For example, find rule: 
  
<while>  ::= “while”  ‘(‘ <expression> ‘)’  <block> 
 
This rule simply states that there is a structure called <while> which sequentially 
consists of the key word “while” followed by a ‘(‘ token, then followed by a structure 
called an <expression> , followed by a ‘)’ token, then followed by a structure called a 
<block> (a code block).  
 
With this structure in mind, the recursive descent parser/compiler will sequentially 
call the appropriate functions to correctly parse and translate a while loop. For 
example, the While() function will do the following:  
 

 Identify correct token “while” 
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 Identity correct token ‘(’ 
 Call function to parse Expression() , since an expression is expected here.  
 Identity correct token ‘)’ 
 Call function to parse Block(), since a code block is expected here.  

 
 
Note that while the While() function is parsing the input source code, it is 
simultaneously translating to assembly and writing the corresponding assembly 
code to an output file, using c command sprintf(). 
 
See code for While()below. Note that many lines are written to the output file. 
 
For example, the following line of code writes an address label to identify the 
beginning of a while loop in the output assembly file.  
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sprintf( start_while, "_start_while_%s" , nextLabel() ); 
 
 

 
3. Identify the syntax rule for the <assign> structure. 

 
Q.1 Write out the syntax rule for the <assign> structure (as shown in the comments) 
and briefly describe what it means. (similar to our discussion above with <while>) 
 
 

4. Scroll down to the function that parses and translates an <assign> structure, 
i.e. Assign(). 

 
Q.2 Briefly describe the purpose of each line of code in Assign(). 
 

5. Scroll down to the main method of the compiler.  
 
You will see that this method consists of 4 function calls. Note: each of these 
functions call many other helper functions to assist with the translation. 
 
Q.3 Name the 4 methods called within main( ) and investigate the function call chains 
associated with each. (Each function calls many other functions ... read through this 
code until you have a general idea of its purpose.) Given your investigation, describe 
the high-level purpose of each of the 4 methods. Each description should be about 1 
paragraph.  
 
Now lets try to use the compiler! But first …  
 

6. Build the compiler:   make xx 
7. Open file f.x using your favorite editor. This is a simple example of X code. 

 
Note this file contains code in the X programming language (similar to C).  
 

8. Try to use the compiler and translate f.x down to LC-3 assembly, f.x.asm. 
Type the following replacing sourceFile with f.x:  make asm S = <sourceFile> 

 
This command should invoke the compiler and create an output file named f.x.asm 
(which is the translation of f.x to LC-3). For more details pertaining to the Makefile, 
feel free to open the Makefile using your favorite editor and read it.  
 

9. Open f.x.asm using your favorite editor. 
 
Q.4 What is the purpose of the code between “Preamble” and “BEGIN-f” ? 
Q.5 Describe the purpose of the 14 lines of code immediately following “ENTER” ? 
Q.6 Describe the purpose of the 12 lines of code immediately following “LEAVE” ? 
Q.7 How many global variables and constants are stored in the Global Data Table? 
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10. Using PennSim, assemble f.x.asm; load and simulate the resulting .obj file 

starting execution at mains starting address.  
 
Q.8 What is the starting address of the main method once the .obj file is loaded? 
 
Q.9 At the end of simulation, a value should be assigned to variable i. What is the value 
of i at the end of execution?  At what address is this value stored?  
 
 
Edit Compiler 
 
Goal: Add a new control structure to the programming language X. Note: the 
programming language X currently has a while loop (a pre-test looping structure), 
but does not have a do-while loop (a post-test looping structure). You will edit the 
compiler so that it can correctly parse and translate a do-while loop, with syntax 
 
<do>  ::= “do” <block> “while” ‘(‘ <expression> ‘)’ 
 
 
There are a couple of key steps …  
 

 You will need to add a new “case” for the do-while in the Statement() 
method.  

 You will need to create a new parsing / translating function named 
Do(). This method will be fairly similar to the While() method, but will 
need to account for the slightly different syntax and the slightly 
different semantics (post-test not pre-test). 

 
 

11. Copy xx.c to a local folder or your current working repo.  
12. Edit xx.c so that it correctly parses and translates a do-while loop as 

described above.   
 
Q.10 Include here (in the report) the lines of code added to Statement(). 
Q.11 Include here (in the report) the code for new method Do().  
 
 

13. Create a test X source file, which implements the new do-while loop.  
14. Compile (using compiler), Assemble, Load, and Simulate (using PennSim).  

 
Q.12 Does the do-while loop translate and execute correctly? Explain your test example 
and show a screen shot of your PennSim results to support your discussion.   
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C.1 Commit the new version of xx.c to your branch. Feel free to rename xx.c . Also 
commit your test file test.x . 
 
Since you have included all pertinent code edits above. There is no need to include 
other source code in the appendix. No need for an appendix.  


