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ABSTRACT 

Compiler writing is not an easy job. It is very challenging and we must have lot of knowledge about various 
fields of computer science. In this paper, we will discuss some of the challenges that compiler designer faces. 
This report also presents a perspective on the past contributions, current status, and future directions of compiler 
technology and make recommendations in support of a vibrant compiler field in the years to come. 

 

 

1. INTRODUCTION 
 
Today, compilers and high level languages are the foundation of the complex and ubiquitous software 
infrastructure that undergirds the global economy. The powerful and elegant technology in compilers has also 
been invaluable in other domains (such as hardware synthesis). It is no exaggeration to say that compilers and 
high-level languages are as central to the information age as semiconductor technology. Challenges faced by a 
compiler designer are manifold. It ranges from the language details to the features of underlying hardware to the 
user-friendliness of compiler. Although the compiler field has transformed the landscape of computing, 
important compilation problems remain, even as new challenges (such as multicoreprogramming) have 
appeared. The unsolved compiler challenges (such as how to raise the abstraction level of parallel programming, 
develop secure and robust software, and verify the entire software stack) are of great practical importance and 
rank among the most intellectually challenging problems in computer science today. 

 

2. ACCOMPLISHMENTS 

 
When the field of compiling began in the late 1950s, its focus was limited to the translation of high-level 
language programs into machine code and to the optimization of space and time requirements of programs. The 
field has since produced a vast body of knowledge about program analysis and transformations, automatic code 
generation, and runtime services. Compiler algorithms and techniques are now used to facilitate software and 
hardware development, improve application performance, and detect and prevent software defects and malware. 
The compiler field is increasingly intertwined with other disciplines, including computer architecture, 
programming languages, formal methods, software engineering, and computer security. Indeed, the term 
“compiler” has associations in the computer science community that are too narrow to reflect the current scope 
of the research in the area. The most remarkable accomplishment by far of the compiler field is the widespread 
use of high-level languages. From banking and enterprise-management software to high-performance computing 
and the Web, most software today is written in high-level languages compiled either statically or dynamically. 
Compiler algorithms for parsing, type checking and inference, dataflow analysis, loop transformations based on 
data-dependence analysis, register  allocation based on graph colouring, and software pipelining are among 
them are elegant creations of computer science. They have profoundly affected the practice of computing 
because they are incorporated into powerful yet widely used tools.  
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3. COMPILER-DESIGN TOOLS 

 
The compiler writer, like any software developer, can profitably use modern software development 

environments containing tools such as language editors, debuggers, version managers, profilers, test harnesses, 

and so on. In addition to these general software development tools, other more specialized tools have been 

created to help implement various phases of a compiler.  These tools use specialized languages for specifying 

and implementing specific components, and many use quite sophisticated algorithms. The most successful tools 

are those that hide the details of the generation algorithm and produce components that can be easily integrated 

into the remainder of the compiler. Some commonly used compiler-construction tools include 

1. Parser generators that automatically produce syntax analyzers from a grammatical description of a 

programming language. 

2. Scanner generators that produce lexical analyzers from a regular-expression description of the tokens of a 

language. 

3. Syntax-directed translation engines that produce collections of routines for walking a parse tree and 

generating intermediate code. 

4. Code-generator generators that produce a code generator from a collection of rules for translating each 

operation of the intermediate language into the machine language for a target machine. 

5. Data-flow analysis engines that facilitate the gathering of information about how values are transmitted from 

one part of a program to each other part. Data-flow analysis is a key part of code optimization. 

6. Compiler-construction toolkits that provide an integrated set of routines for constructing various phases of a 

compiler. 
 

              
                           
                      Figure 1: Phases of a compiler 
 
4. THE BURDEN OF THE COMPILER DESIGNER 
 
Designing and implementing an industrial-quality compiler for even a simple programming language is a large 
task. The following are some of the challenges and issues and challenges that affect the compiler design 
process. 
 

• Language Semantics: The semantics of the source language pose a challenge to the  compiler designer 
because of the presence of the constructs of complex semantics. Examples of such constructs are case, 
loop, break, next etc. The semantics of the case statement vary in different languages. Loops are 
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difficult because in some languages the value of index variable after loop body depends on the 
execution sequence. 

 

• Hardware Platform: The underlying machine architecture also affects the compilation process. For 
example, the code generation strategy for all accumulator based machine cannot be similar to a stack 
based machine. 
 

• Speed of Compilation: During the development cycle f a program, initially, there are lot of 
grammatical and logical bugs. Hence the logic of the program undergoes frequent changes. The 
compiler should be able to compile fast, though, the code produced may be inefficient. 

 

• Building a compiler requires knowledge of programming languages (parameter passing, memory 
allocation), software engineering, computer architecture etc. 

 

• Many Variations: 
1. Many programming languages(FORTRAN,C++). 
2. Many programming paradigms(that is,object oriented, logical,etc.) 
3. Many computer architectures(MIPS,Intel) 
4. Many Operating Systems(Linux,Solaris) 
 

• Instruction Parallelism: Handling out of order execution and branch prediction is a challenge in 
compiler design. 
 

• Parallel Algorithms: Incorporating the concept of grid computing and multi-core computers. 
 

• Error Handling: Error handling is one of the most important features of a compiler. A real challenge 
here for a compiler designer is to show the appropriate error messages to the user-detailed enough to 
pinpoint the error and at the same time ,not to verbose to confuse the user. 

 

• Runtime Environment: Runtime environment refers to the handling of subprograms. Thus, looking 
into the language features regarding subprograms, the compiler  
designer needs to design schemes for efficiently handling the runtime environment. 
 

• Qualities of a Good Compiler: 
1. The compiler itself must be bug-free. 
2. It must generate correct machine code. 
3. Must have consistent and predictable optimization. 
4. The compiler must be portable. 

 

5. COMPILER RESEARCH: THE NEXT 50 YEARS 
 
In the coming decade, 2010 to 2020, compiler research will play a critical role in addressing two of the major 
challenges facing the overall computer field. Cost of programming multicore processors-While machine power 
will continue to grow impressively, increased parallelism, rather than clock rate, will be the driving force in 
computing in the foreseeable future. This ongoing shift toward parallel architectural paradigms is one of the 
greatest challenges for the microprocessor and software industries. In 2005, Justin Rattner, chief technology 
officer of Intel Corporation, said, “We are at the cusp of a transition to multicore, multithreaded architectures, 
and we still have not demonstrated the ease of programming he move will require…”.Security and reliability of 
complex software systems- Software systems are increasingly complex, making the need to address defects and 
security attacks more urgent. The profound economic impact of program defects was discussed in a 2002 study 
commissioned by the U.S. Department of Commerce National Institute of Standards and Technology (NIST), 
concluding that program defects “are so prevalent and so detrimental that they cost the U.S. economy an 
estimated $59.5billion annually, or about 0.6% of the gross domestic product.” Breakthroughs in compiler 
technology are essential to making parallel programming mainstream. 
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6. RECOMMENDATIONS 
 
The challenge for the compiler designer is to find an optimal sequence of instructions or library functions to 
carry out the required high-level operations. The designer must understand the source language, assembler, and 
the target machine very well. He/she should also be skilful in the host language and its environment. In addition, 
a language designer, someone charged with inventing a feature set and the syntax for a wholly new language, 
should be a highly skilled professional. He/she should have a deep understanding of the properties of computer 
languages, and their description in the form of production rules or syntax diagrams. 
 

 

                                  Figure 2: UML-Based Compiler-Design Approach 

 
 The ability to detect coding defects has always been an important mission for compilers. In facilitating 
programming, high-level languages both simplified the representation of computations and helped identify 
common program errors, including undeclared variable uses and a range of semantic errors pinpointed through 
increasingly sophisticated type checking. Much more can and must be done with program to help avoid 
incorrect results and security vulnerabilities. Compiler front ends benefited greatly from development in the 
1960s and 1970s of a systematic theory of lexical analysis and parsing based on automata theory. However, 
there is no systematic approach for performing architecture-specific program optimization, thus hampering 
construction of parallelizing and optimizing compilers. Developing effective overall optimization strategies 
requires programmers be able to deal with a vast number of interacting transformations, nonlinear objective 
functions, and performance prediction, particularly if performance depends on input data. The program 
optimization challenge is certainly difficult but not insurmountable. 
 

7. CONCLUSIONS 
 
Since the design of programming languages and compilers are intimately related, the advances in programming 
languages placed new demands on compiler writers. They had to devise algorithms and representations to 
translate and support the new language features. Not only did the compiler writers have to track new language 
features, they also had to devise translation algorithms that would take maximal advantage of the new hardware 
capabilities. Compiler writing is challenging. A compiler by itself is a large program. Moreover, many modern 
language-processing systems handle several source languages and target machines within the same framework; 
that is, they serve as collections of compilers, possibly consisting of millions of lines of code. Consequently, 
good software-engineering techniques are essential for creating and evolving modern language processors. A 
compiler must translate correctly the potentially infinite set of programs that could be written in the source 
language. The problem of generating the optimal target code from a source program is undecidable in general; 
thus, compiler writers must evaluate tradeoffs about what problems to tackle and what heuristics to use to 
approach the problem of generating efficient code. 
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