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Abstract of the Thesis

Design and development of a GCC based C front-end for the NISC

compiler

by

Karthikeyan Manivannan

Master of Science in Electrical and Computer Engineering

University of California, Irvine, 2007

Professor Daniel D. Gajski, Chair

This thesis describes the design and implementation details of a GCC based, C

front-end, developed for the No Instruction Set Computer (NISC) compiler. This project

was undertaken as an e�ort to provide an open source front-end for the NISC compiler.

The modi�ed GCC, emits XML equivalent of the C code being compiled, this XML is then

read as input by the NISC compiler.

ix



Chapter 1

Introduction

This thesis describes the design and implementation of a GCCbased C front-end for the

NISC compiler. The front-end is implemented as an additional pass inside the GNU C

compiler. This additional pass reads GCC's GIMPLE Intermediate Representation(IR)

and converts it to XML �les. The XML �les are read as input by th e NISC compiler for it's

compilation process. The following sections give a brief overview of the NISC technology

and topics required to understand the implementation.

1.1 NISC Technology

Performance of embedded applications is commonly improvedby implementing them in cus-

tom hardware. The No Instruction Set Computer is an custom-hardware design technology

developed at the Center for Embedded Computing Systems(CECS), UC Irvine. NISC archi-

tectures, as the name suggests, does not have an instructionset abstraction. The designer

chooses a data-path for the processor. The NISC compiler reads an application written

in a high level language, like C, and produces control signals for the chosen data-path

components, for each clock cycle.

This approach has several advantages over traditional instruction set based archi-

tectures. The e�ort needed to design an instruction set and adecoder for it, is eliminated.

The NISC compiler can compile for all possible data-paths, no extra compiler design e�ort

is required when a new data-path is chosen. As shown in Figure1.1 [16], a designer using

NISC, can simultaneously re�ne both the data-path and the software to achieve maximum

application performance. Also, since the compiler has a �ner grain control over the data-

1



CHAPTER 1. INTRODUCTION

Figure 1.1: NISC design 
ow [16]

path, not restricted by the semantics of an instruction set, it can improve performance by

up to 70% in comparison to instruction set based architectures[18].

1.2 Extensible Markup Language

Extensible Markup Language(XML), describes a class of dataobjects called XML doc-

uments and partially describes the behavior of computer programs which process them.

XML documents are made up of storage units called entities, which contain either parsed

or unparsed data. Parsed data is made up of characters, some of which form character data,

and some of which form markup. Markup encodes a description of the document's storage

layout and logical structure. XML provides a mechanism to impose constraints on the stor-

age layout and logical structure[19]. Basically, XML is structured information containing

both content and some indication of what role the content plays, within a framework of

rules. The list of XML rules[19] include

� Non-empty elements have to be delimited by both a start-tag and an end-tag. For

example

<person>Mark</person>

� All attribute values are quoted with either single (') or dou ble (") quotes. Single

quotes close a single quote and double quotes close a double quote. For example:

<person age="23">Mark</person>

2



CHAPTER 1. INTRODUCTION

� Each document must have a unique root element , which is the top-most level element.

� Tags may be nested but must not overlap. Each non-root element must be completely

contained in another element. For example:

<person age="23"><name>Mark</name></person>

1.3 GNU Compiler Collection

The GNU Compiler Collection (GCC) is a group of compilers developed by the GNU

Project. GCC is a free, open source, compiler collection which includes front ends for

C, C++, Java, Ada, Objective-C, Objective-C++ and Fortran. Front ends for Pascal,

COBOL and Mercury are also available but are maintained separately[5]. GCC can pro-

duce machine code for a large number of processors. It can compile for CISC processors

like x86-64, x86-32, x86; RISC processors like PowerPC, ARM, MIPS, SPARC and also

for complex VLIW architectures like the IA64(Itanium). GCC also comes with a collec-

tion of other software like libada(Ada runtime), libgfortr an(Fortran runtime), libjava(Java

runtime), libmud
ap(memory check runtime) and libssp(Sta ck smash protection).

1.4 GCC compilation process

This section explains the GCC compilation process with a focus on C source �le compilation.

The tools that get involved in transforming a C source �le to an executable binary are

gcc(the driver), cc1(the compiler), cpp(the preprocessor), as(the assembler) and ld(the

linker). The user passes the list of source �les to be compiled, and the compiler options, to

the driver program gcc. gcc parses the source �le names and the options and invokes the

compiler cc1 for each source �le. cc1 uses the cpp preprocessor to process the preprocessor

directives, then cc1 compiles the source to generate assembly pneumonic equivalent of the

source. The assembler, as, converts these pneumonics into object �les containing opcodes

that the processor understands. Finally the loader aggregates di�erent object �les to create

one binary executable �le. As shown in Figure 1.2 - cc1, cpp and as get invoked once for

each source �le being compiled. ld and as are part of the GNU Binutils package and are

not part of GCC.

3



CHAPTER 1. INTRODUCTION

Figure 1.2: GCC compilation process

1.5 cc1 compilation process

This section explains the compilation process used by thecc1 compiler. All the

changes that were done to use GCC as a front-end for NISC were done inside cc1. Though

only a small portion of GCC was changed for this project, a considerable amount of time

was spent to understand the GCC architecture and work 
ow. Like most modern compilers,

the structure of cc1 can be divided into three parts the Front End, the Middle End and the

Back End.

1.5.1 Front end

The front end for a given source language, parses the source program, checks for lexical and

syntactical errors, and builds syntax trees of the statements in the source. Syntax trees are

hierarchical Intermediate Representations(IR) that are much easier to manipulate than the

original source stream. Figure 1.3 shows a syntax tree for the expression x=(y-z)*3. GCC

front-ends are responsible for converting their syntax trees into a language independent

tree structure called GENERIC[6]. The language independent nature of GENERIC allows

subsequent compiler stages to be language agnostic.

4



CHAPTER 1. INTRODUCTION

Figure 1.3: Syntax tree for the expression x=(y-z)*3

1.5.2 Middle end

The middle end of a compiler analyzes and transforms the program by reading the IR gen-

erated by the front end. The middle end transformations are aimed at achieving better

execution time, reduced executable size, or both[17]. The middle end performs these trans-

formation by studying the 
ow of program control(control-
 ow analysis) and how the data

is transformed(data-
ow analysis). The middle end optimizations are typically language

and machine independent. Though the GENERIC trees are language independent, they

are too complex to analyze. In order to manage this complexity the middle end converts

the GENERIC trees to another intermediate representation called GIMPLE[7].

GIMPLE trees are simpler, and lexically equivalent forms of GENERIC trees,

where the complex statements are broken into sequences of simpler statements. The project

described in thesis, reads the GIMPLE IR and produces the XMLequivalent as input for the

NISC compiler. Section 1.7 describes the GIMPLE IR in detail. The middle end overlays

Static Single Assignment(SSA)[3] information on top of the GIMPLE IR to expose the

programs data-
ow pattern. When represented in the SSA form, a new version is created

for a variable every time a value is assigned to it and every use of a variable refers to the

latest version. The combination of GIMPLE and SSA signi�cantly reduces the complexity

of performing optimizations like common subexpression elimination, copy propagation and

constant propagation. Figure 1.4 shows the GENERIC, GIMPLE and optimized equivalent

5



CHAPTER 1. INTRODUCTION

Figure 1.4: C code, GENERIC equivalent, GIMPLE equivalent and optimized equivalent

of a block of C code. The middle end optimizer which optimizesthe SSA based GIMPLE

trees is called the Tree SSA optimizer[9]. After the optimizations are done, the middle

end removes SSA information from the trees and converts theminto Register Transfer

Language(RTL), an IR which resembles assembly instructions.

1.5.3 Back end

The last stage of the compilation process is the machine dependent back end which produces

assembly code for the target architecture. The back end performs machine dependent RTL

optimizations and �nally produces assembly code.

The cc1 compilation process as described in this section is summarized in Figure 1.5.

1.6 Trees

tree is the central data structure used in GCC. This tree is not to be confused with syntax

trees. The tree mentioned in this section is a C data structure used to represent the nodes

of AST, GENERIC and GIMPLE trees. In future sections usage of to the words \tree

node" denotes the actual C data structure. tree is a pointer to the tree node union de�ned

in tree.h [12]. tree node is a union of structures de�ning various types of nodes used by

GCC. Fields like name, tree type code etc. are shared by all type structures while other

6



CHAPTER 1. INTRODUCTION

C

C + +

Java

AST

AST

AST

GENERIC GIMPLE SSA

Opt
pass 1

Opt
pass n

un-SSA RTL Optimizations

Machine Code

FRONT END MIDDLE END BACK END

Figure 1.5: cc1 work 
ow[10]

�elds are type speci�c. A tree node can represent a data type,a variable, an expression or a

statement [12]. Every tree node has a tree-code which shows the kind of node it represents.

Some of the GCC macros for common codes are given below:

� INTEGER TYPE { represents a type of integers.

� ARRAY TYPE { represents a type of pointer.

� VAR DECL { represents a declared variable.

� INTEGER CST { represents a constant integer value.

� PLUS EXPR { represents a sum (an expression).

� GIMPLE MODIFY STMT { represents an assignment statement in GIMPLE

The complete list of relevant tree nodes can be found in the appendix C.

1.7 GIMPLE intermediate representation

GIMPLE is a subset of GENERIC for use in optimization[7]. The GIMPLE grammar

was in
uenced by the SIMPLE IL used by the McCAT compiler proj ect from McGill

University[15]. In the GIMPLE representation, complex expressions are broken down to

a simple three-address form and control structures are lowered to gotos. The compiler pass

which lowers GENERIC to GIMPLE is referred to as the `gimpli� er'. The gimpli�er works

recursively, replacing complex statements with sequencesof simple statements.

7



CHAPTER 1. INTRODUCTION

Figure 1.6: High and Low GIMPLE

Interfaces

A front end can return fully lowered GIMPLE, or it can return G ENERIC trees and let the

main gimpli�er lower them the rest of the way. GIMPLE that is n ot fully lowered is known

as high GIMPLE and contains lexical scopes and nested expressions, while low GIMPLE

exposes all of the implicit jumps for control expressions. The di�erences between high and

low GIMPLE can be observed in the example shown in Figure 1.6.

Expressions

Expressions in GIMPLE consist of an operation and the appropriate number of simple

operands, these operands must either be a GIMPLE right hand side value i.e. a constant or

a register variable. When gimpli�cation encounters a subexpression which is too complex,

it creates a new temporary variable to hold the value of the subexpression, and adds a new

statement to initialize it before the current statement.Fo r example

a = b + c * d

is converted into

T0 = d * c

a = T0 + b

8



CHAPTER 1. INTRODUCTION

Statements

Variable initializations in declaration are moved out to a statement in the statement block.

Multiple statements at the same nesting level are collectedinto a STATEMENT LIST node.

Loops in GIMPLE are explicitly lowered to gotos. A SWITCH EXPR node in GIMPLE

contains the condition and a TREE VEC node of CASE LABEL EXPRs describing the case

values and corresponding LABELDECLs to jump to. The body of the switch is moved

after the SWITCH EXPR node. A control jump is expressed by either a GOTOEXPR

node or RETURN EXPR node. The operand of a GOTO EXPR must be either a label or

a variable containing the address to jump to.

The example shown in Figure 1.7 summarizes the GIMPLE features mentioned in

this section. The GIMPLE grammar can be found in B.

1.8 Related Work

Before starting this project, a survey of the available C to XML conversion tools was done.

PlutoSpin C2XML [2] and GCC-XML [13] were the tools that were examined.

1.8.1 PlutoSpin C2XML

C2XML is an enhancement to GCC, developed by PlutoSpin, to generate XML equivalent

of C code. This tool reads the generic tree and dumps the equivalent XML. This tool

has been developed for researchers and programmers interested in experimentation with

code refactoring, analysis, and/or porting. It is currently at a Pre-Alpha stage. Basic

functionality has been implemented but a lot of work remains to be done in bulletproo�ng

the code, eliminating known defects/quick-�xes, and enhancements[2]. The XML produced

by C2XML matches the constructs in the source program i.e. the constructs are not lowered

into simpler statements . For example, a while loop appears as a WHILE STMT element

in the XML, it is not lowered into basic blocks and gotos. C2XML could not be used as a

NISC front-end because of the follwoing reasons :

� Control 
ow was not represented in terms of basic blocks. Control 
ow represented in

terms of basic blocks makes it easier for the NISC compiler toproceed with the rest

of compilation.

9
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i n t  g ( ) { r e t u r n  5 ; }

ma in ( )
{
	 i n t  j  =  5 ;
	 i n t  x ;

	 	

 

	 j  =  ( i  ?  0  :  1 ) ;

	 f o r  ( x  =  4 2 ;  x  >  0 ;  - - x )
	 {
	 	 i  + =  g ( ) * 4  +  3 2 ;
	 }

	 i f  ( i > 5 )
	 	 j  =  j - 1 ;
	 e l s e
	 	 j  =  j + 1 ;

	 s w i t c h ( j )
	 { 	

	
	 	 c a s e  1 :
	 	 	 r e t u r n ;
	 	 b r e a k ;

	 	 c a s e  2 :
	 	 	 j  =  j + 5 ;
	 	 b r e a k ; 	
	 }

}

g ( )
{
  in t  D.1280;

  D .1280  =  5 ;
  re tu rn  D.1280;
}

main  ( )
{
  int  i .0;
  in t  D.1295;
  in t  D.1296;
  int  i .1;
  in t  D.1298;
  in t  D.1299;
  int  i .2;
  int j ;
  int  x;
  j=  5 ;

i .0  =  i ;
j  =  i . 0  ==  0 ;

x  =  42 ;
g o t o  < D 1 2 8 9 > ;

< D 1 2 8 8 > : ;
D .1295  =  g  ( ) ;
D .1296  =  D .1295  *  4 ;
i .1  =  i ;
D .1298  =  D .1296  +  i . 1 ;
D . 1 2 9 9  =  D . 1 2 9 8  +  3 2 ;
i  =  D .1299 ;
x  = x  -  1 ;

< D 1 2 8 9 > : ;
i f  (x  >  0 )
{
	 g o t o  < D 1 2 8 8 > ;
}  
else
{
	 g o t o  < D 1 2 9 0 > ;
}
  < D 1 2 9 0 > : ;

i .2  =  i ;
i f  ( i .2  >  5 )
{
	 j  =  j  -  1 ;
}
else
{
	 j  =  j  +  1 ;
}

swi tch ( j )
{
	 c a s e  1 :  g o t o  < D 1 2 9 1 > ;
	 c a s e  2 :  g o t o  < D 1 2 9 2 > ;
	 d e f a u l t  :  g o t o  < D 1 3 0 1 > ;
}
  
< D 1 2 9 1 > : ;
 re turn ;

 < D 1 2 9 2 > : ;
 j  =  j  +  5 ;
 g o t o  < D 1 2 9 3 > ;

< D 1 3 0 1 > : ;
< D 1 2 9 3 > : ;

C CODE GIMPLE

Figure 1.7: GIMPLE example

10



CHAPTER 1. INTRODUCTION

� C2XML does not produce valid XML when dealing with complex structures.

� C2XML crashes when dealing with programs which have large array initialization.

� Documentation was unavailable and the developers did not respond to questions.

1.8.2 GCC-XML

GCC-XML is an open-source tool from Kitware Inc., which generates XML description of

a C++ program. This tool uses GCC to parse the source and produces XML by converting

the GCC's IR. GCC-XML can simulate any of the following compilers: GCC, SGI MIPSpro,

Visual C++, Intel C++ and Borland C++[2]. This tool does not d ump function bodies,

it only handles declarations. This tool can handle C code only if it is valid C++ code.

GCC-XML could not be used as a NISC front-end because of the follwoing reasons :

� It could handle C code only if it was valid C++. This is not the c ase with many of the

benchmarks, and other applications that would be compiled with the NISC compiler.

� It did not generate XML for function bodies and so it could not generate all the

program information that the NISC compiler expects.

11



Chapter 2

Implementation

The GCC-to-XML converter is implemented as an addition to GCC version 4.3.0, which is

a development release. The GIMPLE-to-XML converter, in the subsequent sections, will be

referred to as the \converter\ or as "xmlgcc\. In GCC, all the �les related to C compilation,

live within the / gcc directory of the GCC source tree. The �les mentioned in the following

sections are all part of this directory unless mentioned otherwise. Chapter E lists the �les

that were added or modi�ed for this project.

2.1 Design Choices

Some of the main design choices of this project are listed below

� XML was chosen as the interface between the open source frontend and the NISC

compiler due to the wide variety of tools available for XML processing.

� GCC was chosen as the base to work on because of it's wide adoption and it's active

developer community.

� GIMPLE IR was chosen as the output source from GCC because of the ease with

which it can be analyzed.

� The converter code is not coupled to the NISC compiler code inany way. The converter

writes XML �les which the NISC compiler then reads. This choice was made so that

the converter can also be used as a general purpose C to XML tool.

12
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� The converter code is structured such that the changes to original GCC �les are kept

at a minimum. This is in order to facilitate easy merging with gcc updates.

� The conversion process was designed to be controlled (turned on/o�) by a compile

time switch. Thus the converter can also be used as the standard gcc compiler.

� The converter currently reads GIMPLE before it is optimized, this choice was made to

limit initial complexity. Future versions are expected to emit the optimized-GIMPLE

equivalent.

The implementation e�ort can be functionally divided into t wo parts - the XML Writer and

the GIMPLE Parser.

2.2 XML Writer

An XML writing library, written in C, was designed and implem ented as part of this project.

This e�ort was undertaken to abstract away the XML writing pr ocess from the code that

parses the GIMPLE. The XML writer library abstracts away det ails like �le creation, data

translation and structure validation. The library support s simultaneous opening of multiple

writer instances. For every writer created by the user, the XML writer library uses a stack

data structure to maintain the hierarchy of open elements, and when a writer is closed, the

library automatically inserts the end elements in the correct order. The library automat-

ically inspects element data and any XML escape character inthe data is appropriately

translated. The XML writer API can been seen in Chapter F.

2.3 GIMPLE Parser

The GIMPLE Parser contains code that walks over GIMPLE trees and dumps out XML.

The parser code can be divided into three parts: Function Dumper, XML Node Dumper

and code which compensates for some GIMPLE de�ciencies. Thefollowing sections explain

these parts in detail.

2.3.1 Function Dumper

The Function Dumper reads the GIMPLE(low) tree of a function and dumps the XML

equivalent of it's local variables and statements. The Function Dumper passes function

13
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nodes to the XML Node Dumper which does the parsing and XML dumping. GCC parses

and converts code to GIMPLE on a per function basis. The root of a function de�nition

is stored in a DECL SAVED TREE node. GIMPLE for a function body is created in the

c-genericize() function in the c-gimplify.c �le. Information about the function under com-

pilation can be obtained from the global pointer cfun declared in function.h.

The function body dumper is implemented as a pass, calledpassgimple to xml,

inside the GCC middle end. GCC has a pass management infrastructure which allows a

middle end passes to be de�ned and scheduled. Passes can be gated using variables that

can be set by compile time options. The middle end passes act on the GIMPLE tree on

a per-function basis, converts the GIMPLE into SSA form, and then optimizes it. SSA

transformation and the optimization passes run on a function's GIMPLE tree depend upon

the optimization level that the user speci�es. The -O0 optimization level makes the pass

scheduler to skip the SSA transformation pass and the subsequent optimization passes. The

function dumper pass, is scheduled to run before SSA conversion and optimization.

The function dumper can be divided in to two parts , the portion which handles local

variables and the portion which handles function statements.

Local variables

In low GIMPLE variable bindings are not available in BIND EXPR NODEs. To produce

local variable information, the dumper iterates over the cfun->unexpandedvar list, which

is a TREE LIST of function locals linked using the TREE CHAIN node. Figure 2.1 shows

the code which outputs the local variable.

Function Statements

Compilers commonly represent a function's body in terms of basic blocks(BB). A basic block

is a sequence of consecutive statements in which 
ow of control enters at the beginning and

leaves only at the end without halt or possibility of branching except at the end[1]. The

graph formed by basic blocks and the edges connecting them iscalled the control 
ow graph

(CFG).

14
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for (local_vars = cfun->unexpanded_var_list; local_vars;)
{
	var = TREE_VALUE (vars);                       \ \  read the variable declration node 
	dumpNodeXML(var,cfunXMLWriter,512);  \ \  pass var iable declarat ion to node dumper
	 local_vars = TREE_CHAIN(local_vars);     \ \  read the next local in the chain

}

Figure 2.1: Code that dumps local variables of a function pointed to by cfun

FOR_EACH_BB (bb) // basic block iterator for cfun, returns BB pointer in bb
{
    / *  dump the XML of  the statements in the BB pointed to by bb * / 	
    /* bb->il.tree->stmt_list holds the list of statements              */

    dumpNodeXML(bb->il.tree->stmt_list, cfunXMLWriter,512); // pass statements node to node dumper
     	     
}

Figure 2.2: Code that dumps statements of function pointed to by cfun

cfun has a �eld called cfg which points to the CFG of the function under com-

pilation. The Function Dumper walks over the BBs in the CFG of a function and dumps

their statement sequences. GCC provides a handy macro, FOREACH BB to iterate over

the CFG's BBs. The BBs in a CFG are iterated over in the same order as they appear in

the code and not in any particular order of dominance. Figure2.2 shows the code which

outputs the function statements.

Because passgimple to xml is scheduled before optimization passes, the converter

can only produce XML equivalent of the unoptimized code. This is a design choice made

for the initial version of this project, future versions wil l allow dumping of optimized code.

2.3.2 XML Node Dumper

The XML Node Dumper accepts a GIMPLE node as input, parses it,and writes out the

equivalent XML element. GIMPLE tree nodes have �elds that can be either constant values

like name(string), bit alignment(integer); or, a �eld can p oint to another tree node, like the

15
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type �eld of VAR DECL points to the TYPE tree node of the variable's type. These

nodes in subsequent sections will be referred to as "child nodes\ and the node to which it

belongs will be called the "parent node\. Every node converted into XML is given a unique

identi�er (id). Figure 2.3 shows the pseudo-code for the algorithm that the dumper uses.

The following paragraphs explain the algorithm.

A node can appear as the child node of multiple parent nodes, for example, the

type node of all integer VAR DECL nodes point to the INTEGER TYPE node. In such

cases, a node is dumped only the �rst time it is referenced, all subsequent references point

to the �rst one by using the node's id. A splay tree is used to maintain a map of all dumped

nodes, the node memory address is used as the key. Lines(2-10) of the algorithm implement

the features explained in this paragraph.

The dumper recursively visits all child nodes, dumps them , and only then dumps

the parent node. This ordering is maintained to ensure that sequential XML readers load

all the child nodes before they reach the parent. By doing so,the reader need not read

ahead to re-construct the �elds of a node. Looking at the �gures in Chapter A would help

understand this better. In lines(14-21), attributes of the current node are stored in an array,

and attributes of child nodes are recursively dumped. In lines(22-24) the stored attributes

of the current are dumped. This maintains the above mentioned ordering.

The bulk of the node dumper is implemented in thedumpNodeAttributes function

in dumpxml.c. dumpNodeAttributes function contains a big switch-case statement which

handles all possible GIMPLE node types.

2.3.3 GIMPLE compensations

GIMPLE does not provide all the information present in the or iginal source. These limita-

tions and the work around is listed below.

File-scope variables

Information about �le-scope(global) variable declarations is not available in low GIMPLE.

In order to obtain this information, code is to be added to the front end to dump global

declarations as and when they are seen by the parser.
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11    

12        array attributeStore
13        integer attributeCount = 0

14        for each node.attribute
15              if node.attribute type == constant value
16                      attributeStore[attributeCount] = node.attribute
17              else if node.attribute type == GIMPLE_Node
18                      attributeStore[attributeCount] =  call DumpGIMPLENodeAsXML(node.attribute)
19              endif
20              attr ibuteCount = attr ibuteCount++
21        end for

         
22         for counter from 0 to attributeCount
23                write out attributeStore[counter] as XML
24         end for   
              
25    end              
    

1

2    if node is in NodeMap
3         return node.index
4    else
5         add node to NodeMap
6         node.index = globalNodeIndex
7         globalNodeIndex = globalNodeIndex +1  
8         call DumpNodeAttributes(node)
9         return node.index
      endif
10  end

globa l  in teger  g loba lNodeIndex = 0

DumpGimpleNodeAsXML(GIMPLE_Node node)

DumpNodeAtt r ibutes(GIMPLE_Node node)

Figure 2.3: XML Node Dumper pseudo-code

17



CHAPTER 2. IMPLEMENTATION

struct,enum bit-�elds and builtins

Information about struct, enum and bit-�eld declarations a re lost in low GIMPLE. To get

this information code is added to the front-end that dumps these types as soon as it they

are completely parsed. GCC has builtin nodes for types like

INTEGER TYPE, POINTER TYPE etc. and function declarations for commonly used

functions like putchar,puts,printf etc. These nodes are builtin into the compiler, and are

loaded by default in the front-end, for any �le that is compil ed. The builtin node information

is not available in GIMPLE so it is dumped during the front-en d loading.
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XML Output

This section explains the various XML elements that are output by the Converter. The

names of the XML elements are the same as the macros used inside GCC to access these

tree nodes. A list of relevant tree macros can be found in Chapter C. Every tree node has a

unique type id, as de�ned in gcc/tree.def of the gcc source tree. This id is represented as the

node type attribute in the XML output. The attributes of the XML elemen ts, for a given

tree node, correspond to the child nodes, or to constant-value node attributes like name.

Attribute values of XML elements that are of the form $X, wher e X is an integer, represent

the id of a child node element. The ouput �les shown in ChapterA give an example of most

of the elements explained in this chapter.

3.1 Declarations

This section explains the XML output corresponding to declaration nodes.

� Variable Declarations : Variable declarations are represented by thevar decl el-

ement. The nodetype id. of a var decl node is 30. Thename attribute contains

the name of the variable as declared in the program, or, in thecase of temporaries

used for gimpli�cation, the name represents the name of the temporary variable as

chosen by the gimpli�er. The type attribute indicates the type of the variable that

has been declared. Thescpe attribute represents the scope of the variable as de�ned

by C language rules. The�le and loc attributes give the name of the �le and the line-

number containing the declaration. A note attribute with \arti�cial" value means

that the variable has been declared by the compiler and not bythe source code. The
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size attribute refers to the machine dependent, size in bits, of the variable. The prec

attribute indicates the actual precision of the variable. The algn attribute indicates

the alignment size in terms of bits. The used attribute indicates if the variable has

been used within it's scope.

� Function Declarations : Function declarations are represented by thefunction decl

element. The nodetype id. of a var decl node is 27. Thename attribute contains the

name of the function as declared in the source. The�le and loc attributes give the

name of the �le and the line-number containing the declaration. The link attribute

indicates whether the function has external linkage.begin bb indicates the basic block

id of the �rst basic block in the function. The type attribute points to the type of the

function.

� Label Declarations : A label declaration is used to label a basic block. Label dec-

larations are represented by thelabel decl element. They have a nodetype id of 28.

The name attribute contains the name of the label. A note attribute with \arti�cial"

value means that the label has been declared by the compiler and not by the source

code.

� Result Declaration : A result declaration is used to indicate that the return value

of a function has to be returned by bit-wise copy. The nodetype id. of a gim-

ple modify statement node is 34. It has name, size, scpe, �le, loc, note and algn

attributes which serve the same purpose as the ones in variable declarations.

� Field Declaration : A �eld declaration is used to declare the �elds of a union or

structure type. It is represented by the �eld decl element. The nodetype id of a

�eld decl node is 29. It has name, size, scpe, �le, loc, note and algn attributes which

serve the same purpose as the ones for variable declarations. The bpos attribute

represents the bit-o�set of the �eld from the begining of the structure.

� Type Declaration : Type declarations are used to associate a name with a type.

The type decl element is used to represent a type declaration. The nodetype id of a

type decl node is 33. Thename �eld denotes the name of the type.

� Parameter Declaration : A parameter declaration is used to declare the arguments

of a function. It is represented by the parm decl element. The nodetype id of a
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parm decl node is 32. It has name, size, scpe, �le, loc, note, used and algn attributes

which serve the same purpose as the ones for variable declarations. If a chan attribute

is present then it points to the next parameter of the function. The argt attribute

indicates the data type used to pass the argument, which may be di�erent from the

type seen in the program.

3.2 Types

This section explains the XML output corresponding to type nodes.

� Void Type : The void type element is used to represent the void type. The nodetype

id is 18.

� Integer Type : The integer type element is used to represent the various integral

types, including char, short, int, long, and long long. This element is not used for

enumeration types, nor for the bool type. The nodetype id is 8. The prec attribute

represents the number of bits used in the representation, represented as an unsigned

int. In general, this is not equal to the size attribute; suppose that there were a 24-bit

integer type, but that alignment requirements required 32-bit alignment. Then, size

would be 32, while prec would be 24. Thesign attribute holds the sign of the type.

The min and max attributes represent the minimum and maximum value integers

that can be represented.

� Real Type : The real type element is used to represent the 
oat, double, and long

double types. The nodetype id is 9. The other attributes are the same as explained

for integer type.

� Complex Type : The complex type element is used to represent the GCC built-in

complex types. The nodetype id is 12.

� Boolean Type : The booleantype element is used to represent the boolean type. The

node type id is 7.

� Pointer Type : The pointer type element represents pointer types. The nodetype id

is 10. The ptd points to the type of the pointer.

21



CHAPTER 3. XML OUTPUT

� Structure Type : A structure de�nition is represented by the record type element.

The node type id of a record type node is 15. It has name, size and algn attributes

which serve the same purpose as the ones for variable declarations. The tag attribute

has a \struct" value. The �elds of the structure are represented by the 
d(n) attributes

and they point to the appropriate �eld decl elements. Initialization of a structure type

variable is represented by theconstructor element.

� Union type : A union de�nition is represented by the union type element.The nodetype

id of a union type node is 16. It has name, size and algn attributes which serve the

same purpose as the ones for variable declarations. Thetag attribute has a \union"

value. The �elds of the union are represented by the
d(n) attributes and they point

to the appropriate �eld decl elements. Unlike structures the bit-o�set of union �elds

is always 0.

� Enumeration Type : An enum de�nition is represented by the enumeral type ele-

ment. The node type id is 6. It has name, size, prec and algn attributes whichserve

the same purpose as the ones for variable declarations. The sign attribute is unsigned

if there are no negative enumeration constants. Themin and max attributes represent

the minimum and maximum enumeration constants, respectively. The cts attribute

represent the list of the enumeration constants.

� Array Type : An array is represented by thearray type element. It has a nodetype id

of 14. The element attribute represents the type of the array. The index range points

to the integer type that holds the valid minimum(0) and maximum array indic es. An

array element reference is represented by the arrayref element.

� Function Type : A function's type is represented by the function type element. It

has a nodetype id of 19. The retn attribute points to type of the return value. The

prms points to a tree list containing the function's argument typ es.

3.3 Basic Blocks

A Basic Blocks(BB) is a sequence of instructions that has exactly one entry point and

one exit point. Each basic block in a function is assigned a unique integer id denoted by

the bb num attribute. A basic block, say BB1(basic block with id 1), is said to be the
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predecessorof a basic block, say BB2, if the CFG has a directed edge from BB1 to BB2. In

this case, BB2 is thesuccessorof BB1. The number of predecessors of a BB are indicated

by the pred count attribute in the XML dump. The basic block ids of the predecessors are

represented by thepred(n) attributes, where n is an integer ranging from 0 to predcount-1.

Similarly, successor information is stored in thesucc count and succ(n) attributes. Every

function has a entry and exit basic block whose BB ids are 0 and1, respectively. If a basic

block has a conditional expression, then the basic block executed on the expression's true

branch, is listed �rst in the list of successor BBs; this is followed by the BB which is taken by

the expression's false branch. A basic block label is represented using alabel decl element.

Figure A.6 shows that BB2(basic block with id 2) has one predecessor, BB0(entry

block), and two successors, BB3 and BB4. Here, BB3 is taken ifthe conditional expression

in BB1 evaluates to true, else BB4 is taken. BB5 is the join block of the conditional

expression, so it's predecessors are BB3 and BB4. BB1 (exit block) is the successor of BB5.

3.4 Statements

This section explains the various statement types that occur in the XML output

� GIMPLE modify statement : GIMPLE Modify statement is the assignment state-

ments used in GIMPLE. It is represented by the gimple modify statement element.

The node type id of a gimple modify statement node is 175. Theop0 and op1 at-

tributes represent the left and right-hand side of the assignment statement, respec-

tively. The values that the left-hand side and right-hand side can take are shown by

the lhs and rhs productions in the GIMPLE grammar, listed in Chapter B.

� Call statement : The call statement is used to indicate function invocation. It is

represented by thecall expr element. The nodetype id of a call expr node is 59. The

type attribute indicates the return type of the function. The fn attribute points to

the function declaration of the called function. The arg(n) attributes point to the

variable declarations of the input parameters passed to thecalled function.

� return statement : The return statement is used to indicate a function return. It

is represented by thereturn expr element. The nodetype id of a return expr node

is 133. The type attribute is always set to point to a void type node, this attribute
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does not point to the type of the value that is returned. The expr attribute , if

present, points to the expression that is returned. It is either null, a modify stmt or a

result decl. A result decl is used when the return value is to be returned by a bitwise

copy.

� if statement : The if statement is represented by the cond expr element. The

node type id of a cond expr node is 56. The �rst operand, op0, is the condition

that is being evaluated. If a basic block has a conditional expression, then the basic

block executed on the expression's true branch, is listed �rst in the list of successor

BBs; this is followed by the BB which is taken by the expression's false branch.

� switch statement : The switch statement is represented by theswitch expr element.

The node type id of a switch expr node is 136. Thecond attribute represents the

variable that holds the switch value. The case(n) attributes point to the case labels.

The type attribute indicates the type of the cond variable. The cases in a switch body

are represented bycaselabel expr elements. Thename attribute of the case label expr

indicates the label of the basic block, that is to be executedfor the case. The value

of the case expression is held in thecaselow attribute , absence of this attribute in a

caselabel expr indicates that it is the default case.

3.5 Expressions

This section explains the various relational expression that occur in the XML output

� Address expression : The address expression is represented by theaddr expr el-

ement. The nodetype id is 117. The op0 attribute points to the variable whose

address is taken.

� Lesser-than expression : The lesser than relational operator is represented by the

lt expr element. The nodetype id is 97. The op0 and op1 attributes represent the

left-hand-side and the right-hand-side of the expression.

� Lesser-than-equal expression : The lesser than equal relational operator is repre-

sented by the le expr element. The nodetype id is 98. The op0 and op1 attributes

represent the left-hand-side and the right-hand-side of the expression.
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� Greater-than expression : The greater than relational operator is represented by

the gt expr element. The nodetype id is 99. The op0 and op1 attributes represent

the left-hand-side and the right-hand-side of the expression.

� Greater-than-equal expression : The greater than equal relational operator is rep-

resented by thege expr element. The nodetype id is 100. Theop0 and op1 attributes

represent the left-hand-side and the right-hand-side of the expression.

� Equal-to expression : The equal-to relational operator is represented by theeq expr

element. The nodetype id is 101. The op0 and op1 attributes represent the left-

hand-side and the right-hand-side of the expression.

� Not-equal-to expression : The not-equal-to relational operator is represented by

the ne expr element. The nodetype id is 102. The op0 and op1 attributes represent

the left-hand-side and the right-hand-side of the expression.

� Bitwise-OR expression : The bitwise-OR relational operator is represented by the

bit IOR expr element. The nodetype id is 87. The op0 and op1 attributes represent

the left-hand-side and the right-hand-side of the expression.

� Bitwise-XOR expression : The bitwise-XOR relational operator is represented by

the bit XOR expr element. The nodetype id is 88. The op0 and op1 attributes

represent the left-hand-side and the right-hand-side of the expression.

� Bitwise-AND expression : The bitwise-AND relational operator is represented by

the bit and expr element. The nodetype id is 89. The op0 and op1 attributes

represent the left-hand-side and the right-hand-side of the expression.

� Bitwise-NOT expression : The bitwise-NOT relational operator is represented by

the bit not expr element. The nodetype id is 90. The op0 attribute represent the

variable whose bitwise compliment has to be calculated.

� Left-shift expression : The left-shift expression is represented by thelshift expr.

The node type id is 83. The op0 attribute represents the variable that has to be

shifted left by the value represented by theop1 attribute.
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� Right-shift expression : The right-shift expression is represented by thershift expr.

The node type id is 84. The op0 attribute represents the variable that has to be

shifted right by the value represented by theop1 attribute.

3.6 Other elements

� Array and Structure Initializers : Brace-enclosed array and structure initializa-

tions are represented by theconstructor element. The nodetype id is 51. The idx(n)

and the val(n) attributes represent the nth initializer index and its corr esponding

value.

� Structure references : References to �elds of structure and union types are repre-

sented by the component ref element. The nodetype id is 41. The op0 attribute

points to the structure/union variable , the op1 attribute points to the �eld decl of

the �eld to be accessed.

� Array references : References to elements of array types are represented by the

array ref element. The nodetype id is 46. The op0 attribute points to the array, the

op1 attribute points to the index of the element to be accessed.

� Pointer de-referencing : Pointer de-referencing is represented using theindirect ref

element. The type node id is 43. Theop0 attribute points to the variable that is

being dereferenced.

3.7 Output Files

For any given input �le C source �le, the converter produces the following XML �les

� Builtins �le : This �le contains the XML elements for nodes that represent GCC's

built-in type and function declarations . This �le shows up a s builtins.xml in the

output directory.

� Index �le : Every XML element output by xmlgcc has an id attribute which is a

unique integer. This �le contains information that maps an i d range to an output �le

. For example, because built-in nodes are dumped �rst, id range (1-2092) is always

assigned to them and this range is mapped to builtins.xml in the index �le. The indices
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for XML elements representing constant nodes are negative,hence all the element id's

in the constants �le are negative. This �le shows up as xxx.c indices.xml where xxx.c

is the name of the C �le passed to xmlgcc.

� Constants �le : This �le contains the XML elements for nodes that represent con-

stant values. This includes the following nodes: INTEGER CST (integer constant),

REAL CST(
oat constant), VECTOR CST(vector constants whose parts are other

constant nodes like INTEGER CST), STRING CST(string constants) and COM-

PLEX CST(complex constants which can be assigned to a variable declared with

the Complex extension). The constant nodes are dumped in a separate �le due to a

request from the NISC compiler developers. This �le shows upas xxx.c constants.xml

where xxx.c is the name of the C �le passed to xmlgcc. As constant nodes can appear

in di�erent parts of the GIMPLE tree(ex. in �lescope and in fu nctions), in order to

have a continuous id range, negative id numbers are used. Theelements in the other

XML �les have positive ids.

� Filescopes �le : This �le contains all the �lescope(global) variable declarations, ini-

tializations and function declarations. This �le shows up as xxx.c.xml where xxx.c is

the name of the C �le passed to xmlgcc.

� Function �les : The �les listed above are produced for any given C source �le. Apart

from these �les the output consists of �les that represent function bodies in the C

source. These �les appear as xxx.c(fname).xml where xxx.c is the name of the C �le

and (fname) is the name of the function in the �le.

Nodes that correspond to code appearing in header �les, appear as XML elements in

XML �les of the C code that includes the headers. This means that they can appear

as XML elements inside the �lescope XML �le or function XML �l es. The location

details(�lename and line number) of a node are written out into �le and loc attribute

of the corresponding XML element.
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int a;
main()
{
     ..........
     ..........
}

func1()
{
    ...........
    ...........
}

func2()
{
     ..........
     ..........
}

f loat d;
func3()
{
     ..........
     ..........
}

xmlgcc

f i le1.c_main.xml
f i le1.c_func1.xml
f i le1.c_fi lescope.xml
f i le1.c_constants.xml
f i le1.c_indices.xml

f i le2.c_func2.xml
f i le2.c_func3.xml
f i le2.c_fi lescope.xml
f i le2.c_constants.xml
f i le2.c_indices.xml

bui l t ins.xml

f i le1.c

f i le2.c

Figure 3.1: xmlgcc output �les
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Testing and Results

The output XML �les have to be tested to ensure that they are valid XML, and that they

are semantically equivalent to the source C program

4.1 XML validation

The validity of the XML generated can be easily veri�ed by opening the �les with an

application that has a built-in XML validator. For this proj ect, XML validation was done

using the Mozilla Firefox[4] web browser. The contents of valid XML �les are successfully

displayed by such applications, while non-valid �les causethe application to display an error

message.

4.2 Manual Testing

gcc has an-fdump-gimple-tree option that dumps out GIMPLE of the �le being compiled.

This output can then be manually compared with the elements in the XML �le to check

for semantic correctness.

4.3 Automatic Testing

In order to test the validity of the XML output by an automatic means, a stand alone

XML-to-C converter has been implemented. The converter reads the XML �les output by

xmlgcc and transforms it into C code. This C code though structurally di�erent from the
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int a;
main()
{
     ..........
     ..........
}

func1()
{
    ...........
    ...........
}

func2()
{
     ..........
     ..........
}

f loat d;
func3()
{
     ..........
     ..........
}

xmlgcc

f i le1.c_main.xml
f i le1.c_func1.xml
f i le1.c_fi lescope.xml
f i le1.c_constants.xml
f i le1.c_indices.xml

f i le2.c_func2.xml
f i le2.c_func3.xml
f i le2.c_fi lescope.xml
f i le2.c_constants.xml
f i le2.c_indices.xml

bui l t ins.xml

f i le1.c

f i le2.c

xml2c

f i le1.c

f i le1.h

f i le2.c

f i le2.h

compi le f i le1.c,  f i le2.c 
wi th unmodi f ied gcc 

compi le f i le1.c,  f i le2.c 
wi th unmodi f ied gcc 

compare 
resul ts 

execute execute

Figure 4.1: Test infrastructure

original source, will be semantically identical if the XML � les are correct. The semantic

identity can be veri�ed by compiling the two di�erent of C �le s using an unmodi�ed version

of gcc, and then comparing their execution results. Fig 4.1 is a pictorial representation of

the test infrastructure.

The XML-to-C converter reads the Index �le, loads the XML, an d performs the

XML to C conversion by following the GIMPLE grammar. Nodes th at belong to header

�les are dumped into a single header �le. This is then included in the converted C �le. The

XML-to-C converter is written in C# . C# is the choice of langu age because it's XML

parsing, and Re
ection features, are very useful in writing such a converter. This converter

currently can handle only a subset of the GIMPLE grammar.
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4.4 Test Programs

A C source �le with all the constructs to be tested, was written, and used exten-

sively for testing the converter. In order to test the converter on real-world programs, tests

were also done with programs picked from the MiBench[14] benchmark suite. It is a free,

commercially representative embedded benchmark suite from the University of Michigan at

Ann Arbor. MiBench consists of six categories including: Automotive and Industrial Con-

trol, Network, Security, Consumer Devices, O�ce Automatio n, and Telecommunications[14].

The programs chosen for testing this project are part of the Telecommunications category.

The programs are described below.

� ADPCM encode/decode : Adaptive Di�erential Pulse Code Modulation (ADPCM)

is a variation of the well-known standard Pulse Code Modulation (PCM). A common

implementation takes 16-bit linear PCM samples and converts them to 4-bit sam-

ples, yielding a compression rate of 4:1. The input data are small and large speech

samples[14]. The program consists of 3 source �les : adpcm.c, rawaudio.c and timing.c

which contain about 450 lines of source code in total. The source code includes C con-

structs like arrays(with initializers), loops, bitwise op erations, conditional statements,

structures, real/integer variables, strings and function calls to built-in functions like

printf and exit.

� FFT : This benchmark performs a Fast Fourier Transform and its inverse transform

on an array of data. Fourier transforms are used in digital signal processing to �nd

the frequencies contained in a given input signal. The inputdata is a polynomial

function with pseudo-random amplitude and frequency sinusoidal components[14].

The program consists of 3 source �les : main.c, fourier.c and�tmisc.c which contain

about 220 lines of source code in total.The source code includes C constructs like

arrays(with initializers), loops, conditional statement s, real/integer variables, strings

and function calls to built-in functions like printf and exi t.

� CRC32 : This benchmark performs a 32-bit Cyclic Redundancy Check (CRC) on a

�le. CRC checks are often used to detect errors in data transmission. The program

consists of 1 source �le : crc32.c which contain about 100 lines of source code in

total. The source code includes C constructs like arrays(with initializers), loops, con-

31



CHAPTER 4. TESTING AND RESULTS

ditional statements, real/integer variables, extern variables, register variables, bitwise

operations, strings and function calls to built-in functions like printf.

4.5 Results

Tests were carried out only to verify the correctness of the GIMPLE-to-XML converter.

Performance and resource usage tests were not performed. The adpcm, CRC32, FFT pro-

grams from the MiBench benchmark suite were given as input tothe converter and the

output XML was manually tested. The elements of the XML outpu t, and their ordering

re
ected the GIMPLE output obtained from an unmodi�ed copy o f gcc. The converter

was also manually tested with a self-written C source �le containing all the C constructs.

Limited amount of automatic testing was done using a set of simple self-written C �les.
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Summary and Conclusion

This project was started as an attempt provide an open-source C front-end for the NISC

compiler. This goal was achieved by adding code to GCC, that reads the GIMPLE IR and

then converts it to XML. The XML thus output is used as input by the NISC compiler.

The GIMPLE-to-XML converter is mostly implemented as a midd le end pass, but it also

involves some changes to the gcc front end code. The converter currently reads GIMPLE

before it is optimized so the output is also an unoptimized representation of the input C

program. A C-based XML writing library was developed to facilitate XML writing. The

GIMPLE-to-XML converter was manually tested on programs chosen from an embedded

benchmark suite. Work on an XML-to-C converter was started in order to automate the

testing. This tester currently can handle simple programs,but cannot handle the entire

GIMPLE grammar.

The GCC-to-XML converter has several advantages as a front end. Since GIM-

PLE is a lowered representation of the source program, program analysis can be done easily

by the NISC compiler. The NISC compiler can make use of the wide set of XML tools

available to load and analyze the XML. Since the GIMPLE-to-XML converter is not tied

to the NISC compiler, it can be used as a general purpose C-to-XML conversion tool.

A major portion of the project e�ort was spent in understandi ng the large volume

of cc1 front-end and middle-end code. This was done by walking through the cc1 code using

a debugger, searching through the highly unorganized GCC documentation, and by asking

questions on the gcc mailing list. A non-trivial amount of e� ort was also spent on creating
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an Eclipse IDE project for the code, and integrating it with gdb.

Planned activities for the near future are: completely automated testing, perfor-

mance analysis with a standard benchmark suite, and optimized code dumping. Features

for selective dumping of nodes based on parameters like type, name etc. and a graphical

visualizer would also be useful additions.
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Chapter A

Sample Output

This chapter shows the contents of the output �les that would be generated when a �le

is compiled using xmlgcc with the -f-output-xml option. The XML element names are

the same as the tree node type names. Chapter C shows the list of tree nodes and their

de�nitions. The node attributes are explained in Chapter D. Attribute values that are of

the form $X, where X is an integer, represent the id of a child node element.

A.1 Output �le contents

This chapter shows the contents of the output �les that would be generated if a C source �le

test1.c (Fig A.1) is passed to xmlgcc. builtins.xml (Fig A.2) shows a subset of the XML ele-

ments corresponding to the builtin nodes. test1.c �leindices.xml (Fig A.3) shows the index

�le. test1.c.xml (Fig A.4) shows the XML elements corresponding to the �lescope(global)

nodes. test1.c constants.xml (Fig A.5) shows the XML elements corresponding to the con-

stant node types.Only a part of the constants �le is shown in Fig A.5.test1.c main.xml

(Fig A.6) shows the XML elements corresponding to the tree nodes of themain function.

test1.c func1.xml (Fig A.7) shows the XML elements corresponding to the tree nodes of the

main function.
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f loat abc;
struct s1
{
	 f l o a t  f 1 ;
	 c h a r  a [ 3 ] ;
} ;

typedef int MY_INT ;

int func1(MY_INT,struct s1);
struct  s1 param2 = {1.2,{ 'a ' , 'b ' , 'c ' } } ;

main()
{
	 i n t  a  =  5 ;

	
	 i f  ( a  >  5 )
	 	 a  =  a  +  4 ;
	 e l s e
	 	 a  - - ;

	 f u n c 1 ( a , p a r a m 2 ) ;

}

 

int func1(MY_INT param1, struct s1 param2)
{
	 s w i t c h  ( p a r a m 1 )
	 {
	 	 c a s e  4 :
	 	 	 r e t u r n  p a r a m 1 ;
	 	 	 b r e a k ;
	 	 c a s e  5 :
	 	 	 r e t u r n  p a r a m 1 + 2 ;
	 	 	 b r e a k ;
	 }
}

tes t1 .c
-----------

Figure A.1: Input C source �le - test1.c
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<bui l t ins>

                <complex_type node_type="12" id="3" name="complex long double" size="$-7" algn="32">
                </complex_type>
                <real_type node_type="9" id="5" name="long double" size="$-8" algn="32"
                                               prec="80">
                 </real_type>
                <void_type node_type="18" id="10" name="void" algn="8">
                 </void_type>
                 <tree_list node_type="2" id="9" valu="$10">
                 </tree_list>
                 <tree_list node_type="2" id="8" valu="$5" chan="$9">
                 </tree_list>
                 <tree_list node_type="2" id="7" valu="$5" chan="$8">
                 </tree_list>
                 <tree_list node_type="2" id="6" valu="$5" chan="$7">
                 </tree_list>
                 <tree_list node_type="2" id="4" valu="$5" chan="$6">
                 </tree_list>
                 <function_type node_type="19" id="2" size="$-6" algn="8" retn="$3" prms="$4">
                 </function_type>
                 <function_decl node_type="27" id="1" name="__divxc3" type="$2" 
                                  f i le="&lt;built- in&gt;" loc="0" storage_class="extern" body="undefined" l ink="extern">
                   ........................................................................................
                   ........................................................................................     
             

Figure A.2: A section of the builtins.xml �le

             

test1.c_fi le_indices.xml

<IndexTable>
	 < c o m p i l e F i l e > t e s t 1 . c < / c o m p i l e F i l e >
	< f i l e  name="bu i l t i ns . xm l ">< range  beg in_ index="1 "  end_ index="2090">< / range>< / f i l e>
	< f i l e  name=" tes t1 . c . xm l ">< range  beg in_ index="2091"  end_ index="2105">< / range>< / f i l e>
	< f i l e  name=" tes t1 .c_ma in .xml "><range  beg in_ index="2106"  end_ index="2123">< / range>< / f i l e>
	< f i l e  name=" tes t1 .c_ func1 .xml "><range  beg in_ index="2124"  end_ index="2144">< / range></ f i l e>
	< f i l e  name=" tes t1 .c_cons tan ts .xml "><range  end_ index=" -6 "  beg in_ index=" -58">< / range></ f i l e>
</IndexTable>

Figure A.3: Index �le - test1.c �leindices.xml
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tes t1 .c .xml

<fi lescope_nodes>
	<var_dec l  node_type="30"  id="2091"  name="abc"  type="$25"  f i le=" test1 .c"  loc="1"  s torage_c lass="s ta t ic"  s ize="$-11"
	  a l g n = " 3 2 "  u s e d = " 0 " > < / v a r _ d e c l >
	< f ie ld_dec l  node_type="29"  id="2093"  name=" f1"  type="$25"  scpe="$2092"  f i le=" tes t1 .c"  loc="4"  s ize="$-11"  a lgn="32"
	  	     b p o s = " $ - 4 3 " > < / f i e l d _ d e c l >
	< in teger_ type  node_type="8"  id="2096"  s ize="$-11"  a lgn="32"  p rec="32"  s ign="s igned"  min="$-45"  max="$-46">
	 < / i n t e g e r _ t y p e >
	<ar ray_type node_type="14"  id="2095"  s ize="$-44"  a lgn="8"  e lement="$211"  index_range="$2096"></ar ray_type>
	< f ie ld_dec l  node_type="29"  id="2094"  name="a"  type="$2095"  scpe="$2092"  f i le=" tes t1 .c"  loc="5"  s ize="$-44"  a lgn="8"
	  	     b p o s = " $ - 1 1 " > < / f i e l d _ d e c l >
	< record_ type node_type="15"  id="2092"  name="s1"  s ize="$-10"  a lgn="32"  tag="s t ruc t "  f ld0="$2093"  f ld1="$2094">
	 < / r e c o r d _ t y p e >
	< in teger_type node_type="8"  id="2098"  name="MY_INT"  unq l="$206"  s ize="$-11"  a lgn="32"  prec="32"  s ign="s igned"
	  	       m i n = " $ - 2 1 "  m a x = " $ - 2 2 " > < / i n t e g e r _ t y p e >
	< type_dec l  node_type="33"  id="2097"  name="MY_INT"  type="$2098"  f i le=" tes t1 .c "  loc="8"></ type_dec l>
	< t ree_ l i s t  node_ type="2 "  i d= "2102"  va lu= "$2092"  chan="$9">< / t ree_ l i s t>
	< t ree_ l i s t  node_ type="2 "  i d= "2101"  va lu="$2098"  chan="$2102">< / t ree_ l i s t>
	< func t ion_ type  node_type="19"  id="2100"  s ize="$-6"  a lgn="8"  re tn="$206"  p rms="$2101"></ func t ion_ type>
	<funct ion_dec l  node_type="27"  id="2099"  name=" func1"  type="$2100"  f i le=" tes t1 .c"  loc="10"  s torage_c lass="extern"
	  	        b o d y = " u n d e f i n e d "  l i n k = " e x t e r n " > < / f u n c t i o n _ d e c l >
	<cons t ruc to r  node_type="51"  id="2105"  lng t="3"  idx0="$-43"  va l0="$-48"  idx1="$-49"  va l1="$-50"  idx2="$-51"
 	 	      v a l 2 = " $ - 5 2 " >
	 < / c o n s t r u c t o r >
	<cons t ruc to r  node_ type="51"  id="2104"  lng t= "2"  idx0="$2093"  va l0="$ -47"  idx1="$2094"  va l1="$2105">
	 < / c o n s t r u c t o r >
	<var_dec l  node_type="30"  id="2103"  name="param2"  type="$2092"  f i le=" tes t1 .c"  loc="11"  s torage_c lass="s ta t ic "
	  	   i n i t = " $ 2 1 0 4 "  s i z e = " $ - 1 0 "  a l g n = " 3 2 "  u s e d = " 0 " > < / v a r _ d e c l >
</f i lescope_nodes>

Figure A.4: XML elements corresponding to �lescope nodes - test1.c.xml

             

test1.c_constants.xml

<ConstantsTable>
    < integer_cst  id="-6"  s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="8"></ integer_cst>
    < integer_cst  id="-7"  s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="192"></ integer_cst>
    < integer_cst  id="-8"  s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="96"></ integer_cst>
    < integer_cst  id="-9"  s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="128"></ integer_cst>
    < integer_cst  id="-10" s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="64"></ integer_cst>
    < integer_cst  id="-11" s ize_low="64" a lgn="64" prec="36" s ign="unsigned" value_low="32"></ integer_cst>
    < integer_cst  id="-12" s ize_low="64" a lgn="64" prec="64" s ign="unsigned" value_low="0"></ integer_cst>
    ....................................................................................................................................................................
    ....................................................................................................................................................................
</ConstantsTable>

Figure A.5: XML elements corresponding to constant type nodes - test1.cconstants.xml
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test1.c_main.xml

< func t i on>
	 < f u n c _ i d > 0 < / f u n c _ i d >
	 < n a m e > m a i n < / n a m e >
	< func t i on_ type  node_ type="19 "  i d= "2107"  unq l= "$412"  s i ze= "$ -6 "  a l gn= "8 "  r e tn= "$206">< / func t i on_ type>
	< func t i on_dec l  node_ type="27 "  i d= "2106"  name="ma in "  t ype="$2107"  f i l e= " tes t1 . c "  l oc= "14 "  
	 	 l i n k = " e x t e r n "  b e g i n _ b b = " b b 2 " > < / f u n c t i o n _ d e c l >
	<va r_dec l  node_ type="30"  i d= "2108"  name="a"  t ype="$206"  scpe="$2106"  f i l e= " tes t1 .c "  l oc="17"  s i ze="$ -11"  a lgn="32"
	 	 u s e d = " 1 " > < / v a r _ d e c l >
	 < b b  b b _ n u m = " 2 "  p r e d 0 = " 0 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 3 "  s u c c 1 = " 4 "  s u c c _ c o u n t = " 2 " >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 1 0 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ - 5 3 " > < / g i m p l e _ m o d i f y _ s t m t >
	 	 < g t _ e x p r  n o d e _ t y p e = " 9 9 "  i d = " 2 1 1 2 "  t y p e = " $ 1 1 2 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ - 5 3 " > < / g t _ e x p r >
	 	 < c o n d _ e x p r  n o d e _ t y p e = " 5 6 "  i d = " 2 1 1 1 "  t y p e = " $ 1 0 "  o p 0 = " $ 2 1 1 2 " > < / c o n d _ e x p r >
	 < / b b >
	 < b b  b b _ n u m = " 3 "  p r e d 0 = " 2 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 5 "  s u c c _ c o u n t = " 1 " >
	 	 < p l u s _ e x p r  n o d e _ t y p e = " 6 3 "  i d = " 2 1 1 5 "  t y p e = " $ 2 0 6 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ - 5 4 " > < / p l u s _ e x p r >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 1 4 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ 2 1 1 5 " > < / g i m p l e _ m o d i f y _ s t m t >
	 < / b b >
	 < b b  b b _ n u m = " 4 "  p r e d 0 = " 2 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 5 "  s u c c _ c o u n t = " 1 " >
	 	 < p l u s _ e x p r  n o d e _ t y p e = " 6 3 "  i d = " 2 1 1 8 "  t y p e = " $ 2 0 6 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ - 5 5 " > < / p l u s _ e x p r >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 1 7 "  o p 0 = " $ 2 1 0 8 "  o p 1 = " $ 2 1 1 8 " > < / g i m p l e _ m o d i f y _ s t m t >
	 < / b b >
	 < b b  b b _ n u m = " 5 "  p r e d 0 = " 3 "  p r e d 1 = " 4 "  p r e d _ c o u n t = " 2 "  s u c c 0 = " 1 "  s u c c _ c o u n t = " 1 " >
	 	 < p o i n t e r _ t y p e  n o d e _ t y p e = " 1 0 "  i d = " 2 1 2 2 "  s i z e = " $ - 1 1 "  a l g n = " 3 2 "  p t d = " $ 2 1 0 0 " > < / p o i n t e r _ t y p e >
	 	 < a d d r _ e x p r  n o d e _ t y p e = " 1 1 7 "  i d = " 2 1 2 1 "  t y p e = " $ 2 1 2 2 "  o p 0 = " $ 2 0 9 9 " > < / a d d r _ e x p r >
	 	 < c a l l _ e x p r  n o d e _ t y p e = " 5 9 "  i d = " 2 1 2 0 "  t y p e = " $ 2 0 6 "  f n = " $ 2 1 2 1 "  a r g 0 = " $ 2 1 0 8 "  a r g 1 = " $ 2 1 0 3 " > < / c a l l _ e x p r >
	 	 < r e t u r n _ e x p r  n o d e _ t y p e = " 1 3 3 "  i d = " 2 1 2 3 "  t y p e = " $ 1 0 " > < / r e t u r n _ e x p r >
	 < / b b >
< / func t ion>

Figure A.6: XML elements corresponding to themain function - test1.c main.xml
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test1.c_func1.xml

< func t i on>
	 < f u n c _ i d > 1 < / f u n c _ i d >
	 < n a m e > f u n c 1 < / n a m e >
	<pa rm_dec l  node_ type="32"  i d= "2124"  name="pa ram1"  t ype="$2098"  scpe="$2099"  f i l e= " tes t1 . c "  l oc= "28 "  a rg t= "$2098"
	 	 s i z e = " $ - 1 1 "  a l g n = " 3 2 "  u s e d = " 1 " > < / p a r m _ d e c l >
	< func t i on_dec l  node_ type="27 "  i d= "2099"  name=" func1 "  t ype="$2100"  f i l e= " tes t1 . c "  l oc= "29 "
	 	  a r g s = " $ 2 1 2 4 "  l i n k = " e x t e r n "  b e g i n _ b b = " b b 2 " > < / f u n c t i o n _ d e c l >
	<va r_dec l  node_ type="30"  i d="2125"  name="D.1660"  t ype="$206"  scpe="$2099"  f i l e= " tes t1 .c "  l oc="33"  no te="a r t i f i c ia l "
	 	 s i z e = " $ - 1 1 "  a l g n = " 3 2 "  u s e d = " 1 " > < / v a r _ d e c l >

	<bb  bb_num="2 "  p red0= "0 "  p red_coun t= "1 "  succ0= "3 "  succ1= "4 "  succ2= "5 "  succ_coun t= "3 ">
	 	 < c a s e _ l a b e l _ e x p r  n o d e _ t y p e = " 1 3 7 "  i d = " 2 1 2 8 "  t y p e = " $ 1 0 "   l o w = " $ - 5 6 " >  < c a s e _ l a b e l _ e x p r >  	 	 	
	 	 < c a s e _ l a b e l _ e x p r  n o d e _ t y p e = " 1 3 7 "  i d = " 2 1 3 0 "  t y p e = " $ 1 0 "  l o w = " $ - 5 7 " > < / c a s e _ l a b e l _ e x p r >
 	 	 < c a s e _ l a b e l _ e x p r  n o d e _ t y p e = " 1 3 7 "  i d = " 2 1 3 2 "  t y p e = " $ 1 0 "  > < / c a s e _ l a b e l _ e x p r >
	 	 < s w i t c h _ e x p r  n o d e _ t y p e = " 1 3 6 "  i d = " 2 1 2 7 "  t y p e = " $ 2 0 9 8 "  c o n d = " $ 2 1 2 4 "  c a s e 0 = " $ 2 1 2 8 "  c a s e 1 = " $ 2 1 3 0 "  c a s e 2 = " $ 2 1
	 	 	 d e c l = " $ 2 1 2 4 " > < / s w i t c h _ e x p r >
	 < / b b >
	 < b b  b b _ n u m = " 3 "  p r e d 0 = " 2 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 6 "  s u c c _ c o u n t = " 1 " >
	 	 < l a b e l _ d e c l  n o d e _ t y p e = " 2 8 "  i d = " 2 1 2 7 "  n a m e = " L . 0 "  t y p e = " $ 1 0 "  s c p e = " $ 2 0 9 9 "  f i l e = " t e s t 1 . c "  l o c = " 3 2 "
	 	 	 n o t e = " a r t i f i c i a l " > < / l a b e l _ d e c l >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 3 5 "  o p 0 = " $ 2 1 2 5 "  o p 1 = " $ 2 1 2 4 " > < / g i m p l e _ m o d i f y _ s t m t >

	 < / b b >
	 < b b  b b _ n u m = " 4 "  p r e d 0 = " 2 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 6 "  s u c c _ c o u n t = " 1 " >
	< labe l_dec l  node_ type="28"  i d= "2135"  name="L .1 "  t ype="$10"  scpe="$2099"  f i l e= " tes t1 . c "  l oc= "35
	 	 n o t e = " a r t i f i c i a l " > < / l a b e l _ d e c l >
	 	 < p l u s _ e x p r  n o d e _ t y p e = " 6 3 "  i d = " 2 1 3 8 "  t y p e = " $ 2 0 6 "  o p 0 = " $ 2 1 2 4 "  o p 1 = " $ - 5 8 " > < / p l u s _ e x p r >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 3 7 "  o p 0 = " $ 2 1 2 5 "  o p 1 = " $ 2 1 3 8 " > < / g i m p l e _ m o d i f y _ s t m t >
	 < / b b >
	 < b b  b b _ n u m = " 5 "  p r e d 0 = " 2 "  p r e d _ c o u n t = " 1 "  s u c c 0 = " 1 "  s u c c _ c o u n t = " 1 " >
	 	 < l a b e l _ d e c l  n o d e _ t y p e = " 2 8 "  i d = " 2 1 3 7 "  n a m e = " L . 2 "  t y p e = " $ 1 0 "  s c p e = " $ 2 0 9 9 "  f i l e = " t e s t 1 . c "  l o c = " 3 0 "
	 	 	 n o t e = " a r t i f i c i a l " >
	 	 < / l a b e l _ d e c l >
	 < r e t u r n _ e x p r  n o d e _ t y p e = " 1 3 3 "  i d = " 2 1 4 0 "  t y p e = " $ 1 0 " > < / r e t u r n _ e x p r >
	 < / b b >
	 < b b  b b _ n u m = " 6 "  p r e d 0 = " 3 "  p r e d 1 = " 4 "  p r e d _ c o u n t = " 2 "  s u c c 0 = " 1 "  s u c c _ c o u n t = " 1 " >
	 	 < r e s u l t _ d e c l  n o d e _ t y p e = " 3 4 "  i d = " 2 1 4 4 "  n a m e = " D . 1 6 5 7 "  t y p e = " $ 2 0 6 "  s c p e = " $ 2 0 9 9 "  f i l e = " t e s t 1 . c "  l o c = " 2 9 "
	 	 	 n o t e = " a r t i f i c i a l "  s i z e = " $ - 1 1 "  a l g n = " 3 2 " > < / r e s u l t _ d e c l >
	 	 < g i m p l e _ m o d i f y _ s t m t  n o d e _ t y p e = " 1 7 5 "  i d = " 2 1 4 3 "  o p 0 = " $ 2 1 4 4 "  o p 1 = " $ 2 1 2 5 " > < / g i m p l e _ m o d i f y _ s t m t >
	 	 < r e t u r n _ e x p r  n o d e _ t y p e = " 1 3 3 "  i d = " 2 1 4 2 "  t y p e = " $ 1 0 "  e x p r = " $ 2 1 4 3 " > < / r e t u r n _ e x p r >
	 < / b b >
< / func t ion>

Figure A.7: XML elements corresponding to themain function - test1.c func1.xml
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GIMPLE grammar

A rough GIMPLE grammar[8] is listed in this chapter

function : FUNCTION_DECL
DECL_SAVED_TREE -> compound-stmt

compound-stmt: STATEMENT_LIST
members -> stmt

stmt : block
| if-stmt
| switch-stmt
| goto-stmt
| return-stmt
| label-stmt
| modify-stmt
| call-stmt

block : BIND_EXPR
BIND_EXPR_VARS -> chain of DECLs
BIND_EXPR_BLOCK -> BLOCK
BIND_EXPR_BODY -> compound-stmt

if-stmt : COND_EXPR
op0 -> condition
op1 -> compound-stmt
op2 -> compound-stmt

switch-stmt : SWITCH_EXPR
op0 -> val
op1 -> NULL
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CHAPTER B. GIMPLE GRAMMAR

op2 -> TREE_VEC of CASE_LABEL_EXPRs
The CASE_LABEL_EXPRs are sorted
by CASE_LOW,and default is last.

goto-stmt : GOTO_EXPR
op0 -> LABEL_DECL | val

return-stmt : RETURN_EXPR
op0 -> return-value

return-value : NULL
| RESULT_DECL
| MODIFY_EXPR

op0 -> RESULT_DECL
op1 -> lhs

label-stmt : LABEL_EXPR
op0 -> LABEL_DECL

modify-stmt : MODIFY_EXPR
op0 -> lhs
op1 -> rhs

call-stmt : CALL_EXPR
op0 -> val | OBJ_TYPE_REF
op1 -> call-arg-list

call-arg-list: TREE_LIST
members -> lhs | CONST

addr-expr-arg: ID
| compref

addressable : addr-expr-arg
| indirectref

with-size-arg: addressable
| call-stmt

indirectref : INDIRECT_REF
op0 -> val

lhs : addressable
| bitfieldref
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| WITH_SIZE_EXPR
op0 -> with-size-arg
op1 -> val

bitfieldref : BIT_FIELD_REF
op0 -> inner-compref
op1 -> CONST
op2 -> val

compref : inner-compref
| TARGET_MEM_REF

op0 -> ID
op1 -> val
op2 -> val
op3 -> CONST
op4 -> CONST

| REALPART_EXPR
op0 -> inner-compref

| IMAGPART_EXPR
op0 -> inner-compref

inner-compref: min-lval
| COMPONENT_REF

op0 -> inner-compref
op1 -> FIELD_DECL
op2 -> val

| ARRAY_REF
op0 -> inner-compref
op1 -> val
op2 -> val
op3 -> val

| ARRAY_RANGE_REF
op0 -> inner-compref
op1 -> val
op2 -> val
op3 -> val

| VIEW_CONVERT_EXPR
op0 -> inner-compref

condition : val
| RELOP

op0 -> val
op1 -> val

45



CHAPTER B. GIMPLE GRAMMAR

val : ID
| invariant ADDR_EXPR

op0 -> addr-expr-arg
| CONST

rhs : lhs
| CONST
| call-stmt
| ADDR_EXPR

op0 -> addr-expr-arg
| UNOP

op0 -> val
| BINOP

op0 -> val
op1 -> val

| RELOP
op0 -> val
op1 -> val

| COND_EXPR
op0 -> condition
op1 -> val
op2 -> val
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Chapter C

List of relevant tree node macros

This chapter list various kinds of nodes and the GCC macros that can be used to access

them. This chapter only provides a subset of the macros available in GCC, the complete

list can be found in the /gcc/tree.h[12] and /gcc/tree.def[11] �les.

C.1 Types

� VOID TYPE : Used to represent the void type.

� INTEGER TYPE : Used to represent the various integral types, including char,

short, int, long, and long long. This code is not used for enumeration types, nor

for the bool type. The TYPE PRECISION is the number of bits used in the repre-

sentation, represented as an unsigned int. In the general case this is not the same

value as TYPE SIZE; suppose that there were a 24-bit integer type, but that align-

ment requirements required 32-bit alignment. Then, TYPE SIZE would be an IN-

TEGER CST for 32, while TYPE PRECISION would be 24. The integer type is

unsigned if TYPE UNSIGNED holds; otherwise, it is signed.

� REAL TYPE : Used to represent the 
oat, double, and long double types. The

number of bits in the 
oating-point representation is given by TYPE PRECISION,

as in the INTEGER TYPE case.

� COMPLEX TYPE : Used to represent GCC built-in complex data types. The

TREE TYPE is the type of the real and imaginary parts.
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CHAPTER C. LIST OF RELEVANT TREE NODE MACROS

� ENUMERAL TYPE : Used to represent an enumeration type. The

TYPE PRECISION gives (as an int), the number of bits used to represent the type.

If there are no negative enumeration constants, TYPEUNSIGNED will hold. The

minimum and maximum enumeration constants may be obtained with

TYPE MIN VALUE and TYPE MAX VALUE, respectively; each of these macros

returns an INTEGER CST.

This macro will return a TREE LIST, containing the constants. The

TREE PURPOSE of each node will be an IDENTIFIER NODE giving the name of

the constant; the TREE VALUE will be an INTEGER CST giving the value assigned

to that constant. These constants will appear in the order inwhich they were declared.

The TREE TYPE of each of these constants will be the type of enumeration type

itself.

� BOOLEAN TYPE : Used to represent the bool type.

� POINTER TYPE : Used to represent pointer types, and pointer to data member

types. The TREE TYPE gives the type to which this type points.

� FUNCTION TYPE : Used to represent the type of functions. The TREETYPE

gives the return type of the function. The TYPE ARG TYPES are a TREE LIST

of the argument types. The TREE VALUE of each node in this list is the type of

the corresponding argument; the TREE PURPOSE is an expression for the default

argument value, if any. If the last node in the list is void list node (a TREE LIST

node whose TREEVALUE is the void type node), then functions of this type do not

take variable arguments. Otherwise, they takes a variable number of arguments.

� ARRAY TYPE : Used to represent array types. The TREETYPE gives the type

of the elements in the array. If the array-bound is present inthe type, the

TYPE DOMAIN is an INTEGER TYPE whose TYPE MIN VALUE and

TYPE MAX VALUE will be the lower and upper bounds of the array, respectively.

The TYPE MIN VALUE will always be an INTEGER CST for zero, while the

TYPE MAX VALUE will be one less than the number of elements in the array, i.e.,

the highest value which may be used to index an element in the array.
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� RECORD TYPE : Used to represent struct and class types, as well as pointers to

member functions and similar constructs in other languages. TYPE FIELDS contains

the items contained in this type, each of which can be a FIELDDECL, VAR DECL,

CONST DECL, or TYPE DECL.

� UNION TYPE : Used to represent union types. Similar to RECORDTYPE except

that all FIELD DECL nodes in TYPE FIELD start at bit position zero.

C.2 Declarations

� FUNCTION DECL : Represents a function. DECL CONTEXT can be used to get

the functions scope

� LABEL DECL : These nodes are used to represent labels in function bodies. For

more information, see Functions. These nodes only appear inblock scopes.

� CONST DECL : These nodes are used to represent enumeration constants. The

value of the constant is given by DECL INITIAL which will be an INTEGER CST

with the same type as the TREE TYPE of the CONST DECL, i.e., an

ENUMERAL TYPE.

� RESULT DECL : These nodes represent the value returned by a function. When

a value is assigned to a RESULTDECL, that indicates that the value should be

returned, via bitwise copy, by the function.

� TYPE DECL : These nodes represent typedef declarations. The TREETYPE is

the type declared to have the name given by DECLNAME. In some cases, there is

no associated name.

� VAR DECL : These nodes represent variables with namespace or block scope. If

a variable is initialized (but does not require a constructor), the DECL INITIAL

will be an expression for the initializer. The initializer should be evaluated, and a

bitwise copy into the variable performed. GCC provides an extension that allows

either automatic variables, or global variables, to be placed in particular registers.

This extension is being used for a particular VAR DECL if DECL REGISTER holds

for the VAR DECL.
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� PARM DECL : Used to represent a parameter to a function. These nodes aresimilar

to VAR DECL nodes. These nodes only appear in the DECLARGUMENTS for a

FUNCTION DECL.

� FIELD DECL : These nodes represent non-static data members. The position of the

�eld within the parent record is speci�ed by a combination of three attributes.

DECL FIELD OFFSET is the position, counting in bytes, of the

DECL OFFSET ALIGN-bit sized word containing the bit of the �eld closest t o the

beginning of the structure. DECL FIELD BIT OFFSET is the bit o�set of the �rst

bit of the �eld within this word; this may be nonzero even for � elds that are not

bit-�elds, since DECL OFFSET ALIGN may be greater than the natural alignment

of the �eld's type.

C.3 Expressions and Statements

� CASE LABEL EXPR : Use to represent a case label, range of case labels, or a

default label. If CASE LOW is NULL TREE, then this is a default label. Otherwise,

if CASE HIGH is NULL TREE, then this is an ordinary case label. In this case,

CASE LOW is an expression giving the value of the label. Both CASELOW and

CASE HIGH are INTEGER CST nodes.

� GOTO EXPR : Used to represent a goto statement. The GOTODESTINATION

will usually be a LABEL DECL. However, if the computed goto extension has been

used, the GOTO DESTINATION will be an arbitrary expression indicating the des-

tination. This expression will always have pointer type.

� LABEL EXPR : Used to represent a label. The LABEL DECL declared by this

statement can be obtained with the LABEL EXPR LABEL macro. The IDENTI-

FIER NODE giving the name of the label can be obtained from the LABEL DECL

with DECL NAME.

� NEGATE EXPR : These nodes represent unary negation of the single operand, for

both integer and 
oating-point types. The type of negation can be determined by

looking at the type of the expression.
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� BIT NOT EXPR : These nodes represent bitwise complement, and will alwayshave

integral type.

� ABS EXPR : These nodes represent the absolute value of the single operand, for

both integer and 
oating-point types.

� PLUS EXPR : This node represents the binary addition operation.

� MINUS EXPR : This node represents the binary subtraction operation.

� MULT EXPR : This node represents the binary multiplication operation.

� RDIV EXPR This node represents a 
oating point division operation.

� ARRAY REF : These nodes represent array accesses. The �rst operand is the array;

the second is the index. To calculate the address of the memory accessed, you must

scale the index by the size of the type of the array elements.

� LT EXPR, LE EXPR, GT EXPR, GE EXPR, EQ EXPR, NE EXPR :

These nodes represent the less than, less than or equal to, greater than, greater than

or equal to, equal, and not equal comparison operators.

� COMPONENT REF : These nodes represent non-static data member accesses. The

�rst operand is the object, the second operand is the FIELD DECL for the data

member. The third operand represents the byte o�set of the �eld

� COND EXPR : These nodes represent ?: expressions. The �rst operand is of boolean

or integral type

� CALL EXPR : These nodes are used to represent calls to functions

� CONSTRUCTOR : These nodes represent the brace-enclosed initializers for a struc-

ture or array.

� RETURN STMT : Used to represent a return statement. The RETURN EXPR is

the expression returned; it will be NULL TREE if the statement was just return;

� SWITCH STMT : Used to represent a switch statement. The

SWITCH STMT COND is the expression on which the switch is occurring. The
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SWITCH STMT BODY is the body of the switch statement. The

SWITCH STMT TYPE is the original type of switch expression as given in thesource.

� GIMPLE MODIFY STMT : An assignment statement in GIMPLE

C.4 Constants

� INTEGER CST : These nodes represent integer constants. Note that the type of

these constants is obtained with TREE TYPE; they are not always of type int. In

particular, char constants are represented with INTEGER CST nodes. Constant val-

ues that cannot be represented in 32 bits are split into valuehigh and value low which

contain the higher and lower order bits respectively.

� REAL CST : Represents a real number constant.

� VECTOR CST : These nodes are used to represent vector constants, whose parts

are other constant nodes. Each individual constant node is either an integer or a

double constant node.

� STRING CST : These nodes represent string-constants.
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List of XML element attributes

This chapter provides a list of attribute names used in the XML element nodes, and their

meaning.

� algn : alignment value in bits.

� bb num : an identi�er for basic blocks.

� begin bb : the �rst basic bock of a function body.

� begin index : this is used in the index �le. It is the lower value of the element-id

range in the corresponding XML �le .

� bpos : displacement in bits, of a structures �eld, from the beginning of a structure.

� chan : next node in a list of chained node.

� element : array type.

� end index : this is used in the index �le. It is the higher value of the element-id range

in the corresponding XML �le.

� �le : source �le which contains the node's declaration.<builtins> refer to cc1's builtin

node declarations.

� 
d(n) : n'th �eld in a structure or union de�nition.

� idx(n) : n'th index of a constructor (array or structure initialize r).
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� index range : valid index range for an array type.

� label : a block label.

� link : function linkage

� lngt : length of a value, interpretation is based on the node type.

� loc : location inside a �le, refer to explanation for �le .

� max : maximum of a range.

� min : minimum of a range.

� name : the node name.

� node type : The node's type id as de�ned in gcc/tree.def of the gcc source tree.

� note : an \arti�cial" value for this indicates compiler generate d labels and temporary

variables not part of the original source.

� op(n) : n'th operand in the expression.

� prec : precision value in bits, not necessarily same as the size which is machine de-

pendent.

� pred count : count of the basic blocks predecessors.

� pred(n) : n'th predecessor of the basic block.

� prms : function parameter types.

� ptd : pointer tree type.

� retn : return type.

� scpe: scope inside which the node resides.

� size: size of a type, eg. 32 bit for integertype(machine dependent), 0 for func-

tion type.

� storage class: storage class.

54



CHAPTER D. LIST OF XML ELEMENT ATTRIBUTES

� strg : a string representing a name.

� succ count : count of the basic blocks successors.

� succ(n) : n'th successor of the basic block.

� type : declaration type.

� used: denotes whether a node is used or not, interpretation di�ers by the node type

e.g. for DECL it indicates whether the declared. variable has been used in its scope.

This is useful for optimizations and generating \unused variable" warnings.

� val(n) : n'th value of a constructor (array initializer).

� valu : node value, the type of the value depends on the type of the node.

� value high : higher order bits of a constant.

� value low : lower order bits of a constant.
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Project �les

New source �les added, and existing gcc �les modi�ed for thisproject are listed below.

E.1 Files added

� xmlwriter.c : Contains the code for the XML Writer library

� xmlwriter.h : Contains the function de�nitions for the XML Writer API

� xmlpass.c : Contains the code which gets invoked by the cc1 pass scheduler. The en-

try point is the gimple to xml function which subsequently calls the Function Dumper.

� xmlpass.h : Contains de�nitions used in xmlpass.c

� dumpxml.c : Contains the XML Node Dumper, converter initialization an d cleanup

code.

� dumpxml.h : Contains the de�nitions used in dumpxml.c

E.2 cc1 �les modi�ed

The following are the list of �les from the gcc source �les modi�ed for this project. All

these �les reside in the /gcc directory of the source tree.Only the last two �les are part of

modi�cations pertaining to the GIMPLE-to-XML conversion p rocess. The modi�cations in

the other �les are standard GCC pass addition changes.
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� common.opt : This the gcc options con�guration �le. Contains added code for cre-

ating a new compiler option

� passes.c: This the middle end pass scheduler. Function Dumper pass isadded to the

scheduler list in this �le.

� tree-
ow.h : gimple to xml is declared as extern here for it to be visible in the pass

manager code.

� tree-pass.h : Added a pass de�nition for the Funciton Dumper pass

� c-decl.c : This the front-end �le that processes declarations and does symbol lookup.

Code for struct,enum, bit-�elds and �lescope handling is added here.

� toplev.c : Entry point for cc1. Converter cleanup function is called from here.
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XML Writer APIs

The XML Writer APIs and their uses are mentioned below

� XMLWriter * createNewXMLWriter (char * �leName)

Creates and returns a new XML Writer handle

� void beginElement (XMLWriter * pWriter, const char * tagName)

Begins a new element with name tagName

� void endElement (XMLWriter * pWriter)

Ends last element opened with beginElement

� void writeAttribute (XMLWriter * pWriter, const char * attributeName, const cha r

* attributeValue)

Writes a string attribute with name attributeName and value attributeValue to cur-

rently open element

� void writeIntAttribute (XMLWriter * pWriter, const char * attributeName, int at-

tributeValue)

Writes a integer attribute with name attributeName and valu e attributeValue to cur-

rently open element

� void writeCData (XMLWriter * pWriter, const char * text)

Creates a CDATA section and writes text to it and ends it

� void writeComment (XMLWriter * pWriter, const char * text)

Writes text as a comment
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� void cleanUpXMLWriter (XMLWriter * pWriter)

Closes all open elements and frees allocated memory
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