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Summary:
Compilers: Principles, Techniques, and
Tools by Alfred V. Aho, Monica S. Lam,
Ravi Sethi, Jeffrey D. Ullman is a
comprehensive guide to the theory and
practice of compiler construction. It covers
all aspects of compilers from lexical
analysis to code optimization and provides
an in-depth look at the algorithms used in
modern compilers. The book also includes
detailed examples that illustrate how these
techniques can be applied in real-world
situations.

The first part of the book introduces basic
concepts such as syntax diagrams and
finite automata which are essential for
understanding how a compiler works. It
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then moves on to discuss more advanced
topics such as context-free grammars and
parsing techniques including recursive
descent parsers and LR parsers. This
section also covers error recovery
strategies for dealing with incorrect input. 

The second part focuses on code
generation techniques such as register
allocation, instruction selection, data flow
analysis, loop optimization and memory
management. It also discusses various
approaches to intermediate representation
design including abstract syntax trees
(ASTs) and three address codes (TAC). 

The third part looks at optimizations that
can be performed on compiled programs
including constant folding/propagation,
dead code elimination, common
subexpression elimination etc., as well as
methods for improving program
performance through parallelization or
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vectorization. 

 Finally the fourth part examines tools
used in compiler development such as
debuggers , profilers , interpreters , linkers
, assemblers etc., along with their
implementation details . </P >

Main ideas:
#1.      Lexical Analysis: The first step in
compiling a program is to break it into
its component parts, known as lexical
analysis. This involves scanning the
source code and recognizing the
individual tokens that make up the
program. (Lexical analysis is the
process of breaking a program into its
component parts, known as tokens,
which are then used to create an
intermediate representation of the
program.)

Lexical Analysis: The first step in compiling
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a program is to break it into its component
parts, known as lexical analysis. This
involves scanning the source code and
recognizing the individual tokens that
make up the program. (Lexical analysis is
the process of breaking a program into its
component parts, known as tokens, which
are then used to create an intermediate
representation of the program.) from book
15. Compilers: Principles, Techniques, and
Tools by Alfred V. Aho, Monica S. Lam,
Ravi Sethi, Jeffrey D. Ullman. 

In lexical analysis each token is identified
based on patterns in characters or
symbols within a given programming
languages syntax rules; these patterns can
be defined using regular expressions or
finite state machines depending on how
complex they are. Once all of the tokens
have been identified they are passed onto
further stages of compilation such as
parsing where their meaning will be
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determined.

#2.      Syntax Analysis: The next step in
compiling a program is to analyze the
syntax of the program. This involves
using a set of rules to determine if the
program is valid and to create a parse
tree that represents the structure of the
program. (Syntax analysis is the
process of using a set of rules to
determine if a program is valid and to
create a parse tree that represents the
structure of the program.)

Syntax Analysis: The next step in
compiling a program is to analyze the
syntax of the program. This involves using
a set of rules to determine if the program is
valid and to create a parse tree that
represents the structure of the program.
(Syntax analysis is the process of using a
set of rules to determine if a program is
valid and to create a parse tree that
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represents the structure of the program.) 

The purpose of syntax analysis is twofold:
first, it checks whether or not all elements
in an expression are syntactically correct;
second, it builds up an internal
representation for further processing by
other compiler components such as code
generation. Syntax analysis typically uses
context-free grammars which define how
symbols can be combined into larger
structures. 

In order for syntax analysis to work
properly, each statement must be broken
down into its component parts so that they
can be checked against grammar rules.
This process begins with lexical analysis
which identifies individual tokens such as
keywords, identifiers, operators etc., from
source code text. Once these tokens have
been identified then they can be used by
parser algorithms such as recursive
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descent parsers or LR parsers which will
check them against grammar rules and
build up an abstract syntax tree
representing their structure.

#3.      Semantic Analysis: After the
syntax of the program has been
analyzed, the next step is to analyze the
semantics of the program. This
involves using a set of rules to
determine if the program is
semantically correct and to create an
intermediate representation of the
program. (Semantic analysis is the
process of using a set of rules to
determine if a program is semantically
correct and to create an intermediate
representation of the program.)

Semantic Analysis: After the syntax of the
program has been analyzed, the next step
is to analyze the semantics of the
program. This involves using a set of rules
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to determine if the program is semantically
correct and to create an intermediate
representation of the program. (Semantic
analysis is the process of using a set of
rules to determine if a program is
semantically correct and to create an
intermediate representation of the
program.) 

The purpose behind semantic analysis is
twofold: firstly, it checks that all operations
are valid according to their definitions;
secondly, it creates an internal
representation which can be used by other
parts of a compiler or interpreter. 

In order for semantic analysis to work
correctly, each operation must have its
own definition in terms of what inputs it
takes and what outputs it produces. The
output from this stage should be an
abstract syntax tree (AST) which contains
information about how each operation
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works within its context. 

Once this AST has been created, further
processing can take place such as type
checking or optimization. Semantic
analysis helps ensure that programs are
syntactically correct before they are
executed so that errors can be caught
early on in development.

#4.      Code Generation: The next step
in compiling a program is to generate
the code for the program. This involves
using the intermediate representation
of the program to generate the code for
the target machine. (Code generation is
the process of using the intermediate
representation of the program to
generate the code for the target
machine.)

Code Generation is the process of using
the intermediate representation of a
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program to generate code for the target
machine. This involves taking the abstract
syntax tree, or other intermediate
representation, and translating it into
instructions that can be executed by the
target machine. The generated code must
adhere to certain conventions such as
memory management and register usage
in order to ensure efficient execution on
the target platform. 

The code generation phase typically
includes optimizations such as loop
unrolling, instruction scheduling, and
register allocation which are designed to
improve performance. Additionally, this
phase may also include additional
transformations such as data flow analysis
which can help identify potential areas for
optimization.

#5.      Optimization: After the code for
the program has been generated, the
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next step is to optimize the code. This
involves using a set of techniques to
improve the performance of the code.
(Optimization is the process of using a
set of techniques to improve the
performance of the code.)

Optimization is the process of using a set
of techniques to improve the performance
of the code. This involves analyzing and
modifying existing code in order to reduce
its execution time, memory usage, or other
resources used by the program.
Optimization can be done at both
compile-time and run-time. At
compile-time, optimization techniques are
applied to generate more efficient machine
instructions from source code; this is
known as static optimization. At run-time,
optimizations are performed on already
compiled programs; this is known as
dynamic optimization. 
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Static optimization includes techniques
such as loop unrolling, instruction
scheduling, register allocation and data
flow analysis which help optimize the
generated machine instructions for better
performance. Dynamic optimization
includes techniques such as profile guided
optimizations (PGO) which use profiling
information collected during program
execution to identify hot spots in the code
that need further improvement. 

Optimizing a program requires careful
consideration of tradeoffs between speed
and size since optimizing for one may
result in sacrificing another. It also requires
an understanding of how different
hardware architectures work so that
appropriate optimizations can be applied
accordingly.

#6.      Linking: The final step in
compiling a program is to link the code
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with other code and libraries. This
involves combining the code with other
code and libraries to create an
executable program. (Linking is the
process of combining the code with
other code and libraries to create an
executable program.)

Linking is the final step in compiling a
program. It involves combining the code
with other code and libraries to create an
executable program. This process requires
taking all of the object files generated by
the compiler, as well as any external
libraries that are needed, and linking them
together into one file. The linker will also
resolve any references between different
parts of the code, such as function calls or
data accesses. Once this is done, an
executable version of the program can be
created. 

The linker must ensure that all necessary
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components are included in order for it to
run correctly on a given system. This
includes making sure that all library
functions used by the program are present
and linked properly. Additionally, if there
are multiple versions of a library available
on a system (such as different versions of
OpenGL), then it must make sure that only
compatible versions are linked together.

#7.      Compiler Design: Compiler
design is the process of designing a
compiler that can compile a program
from source code to object code. This
involves designing the various
components of the compiler such as
the lexical analyzer, syntax analyzer,
semantic analyzer, code generator, and
optimizer. (Compiler design is the
process of designing a compiler that
can compile a program from source
code to object code, which involves
designing the various components of
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the compiler.)

Compiler design is the process of
designing a compiler that can compile a
program from source code to object code.
This involves designing the various
components of the compiler such as the
lexical analyzer, syntax analyzer, semantic
analyzer, code generator, and optimizer. 
Compiler design is the process of
designing a compiler that can compile a
program from source code to object code,
which involves designing the various
components of the compiler. This includes
understanding how each component works
together in order to create an efficient and
effective compilation process.

#8.      Lexical Analysis Algorithms:
Lexical analysis algorithms are used to
scan the source code and recognize the
individual tokens that make up the
program. These algorithms are used to
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create an intermediate representation
of the program. (Lexical analysis
algorithms are used to scan the source
code and recognize the individual
tokens that make up the program,
which are then used to create an
intermediate representation of the
program.)

Lexical analysis algorithms are used to
scan the source code and recognize the
individual tokens that make up the
program. These algorithms are used to
create an intermediate representation of
the program. This intermediate
representation is a data structure which
contains information about each token,
such as its type (e.g., keyword, identifier,
operator), value (if applicable), and
position in the source code. 

The lexical analyzer then passes this data
structure on to other components of a
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compiler or interpreter for further
processing. For example, syntax analysis
algorithms use this data structure to
determine if a given sequence of tokens
forms valid statements according to
language grammar rules.

#9.      Syntax Analysis Algorithms:
Syntax analysis algorithms are used to
analyze the syntax of the program.
These algorithms are used to determine
if the program is valid and to create a
parse tree that represents the structure
of the program. (Syntax analysis
algorithms are used to analyze the
syntax of the program, which are used
to determine if the program is valid and
to create a parse tree that represents
the structure of the program.)

Syntax analysis algorithms are used to
analyze the syntax of the program. These
algorithms are used to determine if the
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program is valid and to create a parse tree
that represents the structure of the
program. Syntax analysis algorithms work
by breaking down a given program into its
component parts, such as tokens,
symbols, and operators. The algorithm
then checks each part for correctness
according to predefined rules or grammar.
If any errors are found in these
components, they must be corrected
before further processing can take place.

The parse tree created by syntax analysis
algorithms provides an organized
representation of how all of the
components fit together within a given
program. This allows for easier debugging
and optimization when making changes or
improvements to existing code.
Additionally, it helps compilers generate
efficient machine code from source code
written in high-level languages.
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#10.      Semantic Analysis Algorithms:
Semantic analysis algorithms are used
to analyze the semantics of the
program. These algorithms are used to
determine if the program is
semantically correct and to create an
intermediate representation of the
program. (Semantic analysis algorithms
are used to analyze the semantics of
the program, which are used to
determine if the program is
semantically correct and to create an
intermediate representation of the
program.)

Semantic analysis algorithms are used to
analyze the semantics of the program.
These algorithms are used to determine if
the program is semantically correct and to
create an intermediate representation of
the program. Semantic analysis involves
analyzing a given set of instructions or
code in order to understand its meaning,
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purpose, and implications. It can be
applied at various levels such as syntax,
lexical structure, data types, control flow
structures, etc., in order to ensure that all
components of a program work together
correctly. 

The main goal of semantic analysis is to
detect errors that may not have been
detected during earlier stages such as
lexical or syntactic analysis. This includes
detecting type mismatches between
variables and functions; checking for
undefined symbols; verifying proper use of
operators; ensuring valid array indices;
and more. The output from this stage is
usually an abstract syntax tree (AST)
which provides a structured representation
of the source code.

#11.      Code Generation Algorithms:
Code generation algorithms are used to
generate the code for the program.
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These algorithms are used to generate
the code for the target machine from
the intermediate representation of the
program. (Code generation algorithms
are used to generate the code for the
program, which are used to generate
the code for the target machine from
the intermediate representation of the
program.)

Code generation algorithms are used to
generate the code for the program. These
algorithms are used to generate the code
for the target machine from the
intermediate representation of the
program. Code generation algorithms take
an intermediate representation of a
program and produce executable code in
assembly language or machine language
that can be directly executed by a
computers processor. 

The process of generating code involves
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mapping high-level instructions into
low-level instructions, such as register
allocation, instruction selection, and
scheduling. The generated code is usually
optimized so that it runs faster than if it
were written manually. 

Code generation algorithms have been
developed over time to improve efficiency
and reduce development time. They also
help ensure that programs run correctly on
different platforms without having to
rewrite them each time.

#12.      Optimization Algorithms:
Optimization algorithms are used to
optimize the code. These algorithms
are used to improve the performance of
the code by using a set of techniques.
(Optimization algorithms are used to
optimize the code, which are used to
improve the performance of the code
by using a set of techniques.)
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Optimization algorithms are used to
optimize the code. These algorithms are
used to improve the performance of the
code by using a set of techniques.
Optimization algorithms can be divided
into two categories: static and dynamic
optimization. Static optimization involves
analyzing and transforming source code
before it is compiled, while dynamic
optimization occurs during runtime when
the program is running on a computer. 

Static optimizations involve techniques
such as loop unrolling, instruction
scheduling, register allocation, dead-code
elimination, constant folding and
propagation, strength reduction and loop
invariant motion. Dynamic optimizations
include branch prediction, data prefetching
and memory access pattern analysis. 

The goal of these optimization techniques
is to reduce execution time or memory
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usage by improving the efficiency of
programs without changing their behavior
or functionality. By applying these
techniques correctly in combination with
other compiler optimizations such as
instruction selection or register allocation,
significant improvements in performance
can be achieved.

#13.      Linking Algorithms: Linking
algorithms are used to link the code
with other code and libraries. These
algorithms are used to combine the
code with other code and libraries to
create an executable program. (Linking
algorithms are used to link the code
with other code and libraries, which are
used to combine the code with other
code and libraries to create an
executable program.)

Linking algorithms are used to link the
code with other code and libraries. These
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algorithms are used to combine the code
with other code and libraries to create an
executable program. Linking algorithms
allow for a more efficient use of memory,
as they can be used to share common
pieces of data between different programs
or modules. Additionally, linking algorithms
enable developers to take advantage of
existing library functions without having to
rewrite them from scratch. 

Linkers also provide support for dynamic
loading, which allows programs or
modules that have not been linked
together at compile time but instead
loaded into memory when needed during
execution. This is useful in situations
where certain parts of a program may only
need to be loaded on demand rather than
all at once. 

Finally, linking algorithms can help reduce
the size of executables by allowing
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multiple object files containing identical
sections (such as read-only data) to
reference each other instead of duplicating
those sections in each file.

#14.      Error Handling: Error handling
is the process of detecting and
reporting errors in the program. This
involves using a set of techniques to
detect and report errors in the program.
(Error handling is the process of
detecting and reporting errors in the
program, which involves using a set of
techniques to detect and report errors
in the program.)

Error handling is the process of detecting
and reporting errors in the program. This
involves using a set of techniques to
detect and report errors in the program.
Error detection can be done through static
analysis, which looks for potential
problems before execution begins, or
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dynamic analysis, which monitors the
program as it runs. Once an error has
been detected, it must be reported so that
corrective action can be taken. Error
reports should include information about
where and when the error occurred, what
type of error was encountered, and any
other relevant details.

Error handling also includes strategies for
dealing with unexpected conditions such
as invalid input or system failures. These
strategies may involve retrying operations
after a certain amount of time or providing
alternative solutions if an operation fails
due to external factors. 

Finally, effective error handling requires
logging all errors so that they can be
analyzed later on to identify patterns or
trends that could indicate underlying
issues with code quality or system
architecture.
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#15.      Debugging: Debugging is the
process of finding and fixing errors in
the program. This involves using a set
of techniques to find and fix errors in
the program. (Debugging is the process
of finding and fixing errors in the
program, which involves using a set of
techniques to find and fix errors in the
program.)

Debugging is the process of finding and
fixing errors in the program. This involves
using a set of techniques to identify,
isolate, and correct errors in the code.
Debugging can be done manually or with
automated tools such as debuggers, which
allow developers to step through their
code line by line and inspect variables at
each stage. Additionally, debugging can
involve testing different scenarios to
ensure that all possible outcomes are
accounted for.
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The goal of debugging is to make sure that
the program runs correctly without any
unexpected behavior or crashes. To do
this effectively, its important for developers
to have an understanding of how their
code works so they can quickly identify
potential issues and fix them before they
become major problems.

#16.      Code Optimization: Code
optimization is the process of
improving the performance of the code.
This involves using a set of techniques
to improve the performance of the
code. (Code optimization is the process
of improving the performance of the
code, which involves using a set of
techniques to improve the performance
of the code.)

Code optimization is the process of
improving the performance of the code.
This involves using a set of techniques to
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improve the performance of the code.
Code optimization can be done by
reducing memory usage, increasing
execution speed, and making better use of
resources such as processor time and disk
space. 

The main goal in code optimization is to
reduce or eliminate redundant operations
that are not necessary for program
execution. This includes removing
unnecessary instructions, eliminating dead
code (code that does nothing), and
optimizing loops so they execute faster. 

Other techniques used in code
optimization include restructuring data
structures to make them more efficient,
reordering instructions for better cache
utilization, and replacing inefficient
algorithms with more efficient ones. 

Code optimization can also involve
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refactoring existing source code into
simpler forms that are easier to read and
maintain. Refactoring helps developers
identify potential problems early on before
they become major issues down the line.

#17.      Code Generation Techniques:
Code generation techniques are used
to generate the code for the program.
These techniques are used to generate
the code for the target machine from
the intermediate representation of the
program. (Code generation techniques
are used to generate the code for the
program, which are used to generate
the code for the target machine from
the intermediate representation of the
program.)

Code generation techniques are used to
generate the code for the program. These
techniques are used to generate the code
for the target machine from the
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intermediate representation of the
program. Code generation involves a
number of steps such as instruction
selection, register allocation, and
scheduling. Instruction selection is a
process in which instructions that can be
executed on a particular processor are
selected from an intermediate language
representation of a program. Register
allocation is concerned with assigning
values to registers so that they can be
accessed quickly by instructions during
execution. Scheduling determines when
each instruction should be executed
relative to other instructions in order to
optimize performance. 

In addition, code optimization techniques
may also be employed during code
generation in order to improve
performance or reduce memory usage.
Optimization techniques include loop
unrolling, common subexpression

Page 33/40

https://books.kim/_coho_ref.php?ref=mpdf-v20230419-toplogo&url=https://books.kim


elimination, dead-code elimination and
strength reduction.

#18.      Optimization Techniques:
Optimization techniques are used to
optimize the code. These techniques
are used to improve the performance of
the code by using a set of techniques.
(Optimization techniques are used to
optimize the code, which are used to
improve the performance of the code
by using a set of techniques.)

Optimization techniques are used to
optimize the code. These techniques are
used to improve the performance of the
code by using a set of techniques.
Optimization involves analyzing and
transforming existing code in order to
reduce its execution time, memory usage,
or other resources. This can be done
through various methods such as loop
unrolling, instruction scheduling, register

Page 34/40

https://books.kim/_coho_ref.php?ref=mpdf-v20230419-toplogo&url=https://books.kim


allocation, data flow analysis and more. 
The goal of optimization is to make
programs run faster while still producing
correct results. It also helps reduce power
consumption for mobile devices and
embedded systems that have limited
battery life. Additionally, it can help
increase program reliability by reducing
errors due to incorrect assumptions about
how long certain operations take. 
Optimizing code requires an
understanding of both hardware
architecture and software design principles
in order to identify areas where
improvements can be made. It is important
that any optimizations do not introduce
bugs into the system or cause unexpected
behavior.

#19.      Linking Techniques: Linking
techniques are used to link the code
with other code and libraries. These
techniques are used to combine the
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code with other code and libraries to
create an executable program. (Linking
techniques are used to link the code
with other code and libraries, which are
used to combine the code with other
code and libraries to create an
executable program.)

Linking techniques are used to link the
code with other code and libraries. These
techniques are used to combine the code
with other code and libraries to create an
executable program. Linking involves
taking object files generated by a compiler,
combining them together, and resolving
any external references between them.
This process is necessary in order for all of
the pieces of a program to be combined
into one executable file. 

The linking process can also involve
adding additional library functions that may
not have been included in the original
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source code. For example, if a
programmer wants their program to use
certain system-level functions such as
input/output or networking capabilities,
they will need to include those libraries
when linking their program. 

Linkers can also perform optimizations on
programs during the linking process. This
includes removing unused portions of code
from object files before combining them
into an executable file, which reduces both
memory usage and execution time.

#20.      Compiler Construction Tools:
Compiler construction tools are used to
construct a compiler. These tools are
used to automate the process of
constructing a compiler from source
code to object code. (Compiler
construction tools are used to
construct a compiler, which are used to
automate the process of constructing a
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compiler from source code to object
code.)

Compiler construction tools are used to
construct a compiler. These tools are used
to automate the process of constructing a
compiler from source code to object code.
Compiler construction tools provide an
efficient way for developers to create
compilers that can interpret and execute
programs written in high-level languages
such as C, Java, or Python. The tools
typically include components such as
lexical analyzers, parsers, symbol tables,
intermediate representations (IRs),
optimization algorithms, and code
generators. 

The lexical analyzer is responsible for
breaking down the source program into
tokens which represent individual words or
symbols in the language being compiled.
The parser then takes these tokens and
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builds a parse tree which represents the
structure of the program according to its
syntax rules. Symbol tables store
information about variables and other
identifiers used in the program while IRs
provide an abstract representation of how
instructions should be executed by the
computer. 

Optimization algorithms analyze programs
at various levels of abstraction and attempt
to improve their performance by making
changes that reduce execution time or
memory usage without changing their
behavior. Finally, code generators take
this optimized version of the program's IR
and generate assembly language
instructions or machine code that can be
directly executed on a processor.

Thank you for reading!

If you enjoyed this abstract, please share it
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with your friends.
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