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From Source Code to Executable CodeFrom Source Code to Executable Code

program gcd(input, output);
var i, j: integer;
begin 

read(i, j);
while i <> j do

if i > j then i := i – j;
else j := j – i;

writeln(i)
end.

programprogram gcdgcd(input, output);(input, output);
varvar i, j: integer;i, j: integer;
begin begin 

read(i, j);read(i, j);
while i <> j dowhile i <> j do

if i > j then i := i if i > j then i := i –– j;j;
else j := j else j := j –– i;i;

writelnwriteln(i)(i)
end.end.

CompilationCompilation
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Phases of CompilationPhases of Compilation
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Compiler StructureCompiler Structure

•• Lexical, syntax and semantic analyses are the Lexical, syntax and semantic analyses are the frontfront--
endend of a compilerof a compiler

–– These These phasesphases serve to figure out the meaning of the serve to figure out the meaning of the 
programprogram

•• The rest of the phases are considered part of the The rest of the phases are considered part of the 
backback--endend of a compilerof a compiler

–– They are responsible for the generation of the target They are responsible for the generation of the target 
programprogram
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Phases of CompilationPhases of Compilation

•• The first three The first three 
phases are phases are 
languagelanguage--
dependentdependent

•• The last two The last two 
are are machinemachine--
dependentdependent

•• The middle The middle 
two two 
dependent on dependent on 
neither the neither the 
language nor language nor 
the machinethe machine
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ExampleExample

program gcd(input, output);
var i, j: integer;
begin 
read(i, j);
while i <> j do

if i > j then i := i – j;
else j := j – i;

writeln(i)
end.

programprogram gcdgcd(input, output);(input, output);
varvar i, j: integer;i, j: integer;
begin begin 
read(i, j);read(i, j);
while i <> j dowhile i <> j do

if i > j then i := i if i > j then i := i –– j;j;
else j := j else j := j –– i;i;

writelnwriteln(i)(i)
end.end.



COMP 144
Programming Language Concepts
Lecture 31: Building a Runnable Program

April 10, 2002

Felix Hernandez-Campos 4

COMP 144 Programming Language Concepts
Felix  Hernandez-Campos

77

ExampleExample
Syntax Tree and Symbol TableSyntax Tree and Symbol Table
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Phases of CompilationPhases of Compilation

•• Intermediate Intermediate 
code generationcode generation
transforms the transforms the 
abstract syntax abstract syntax 
tree into a less tree into a less 
hierarchical hierarchical 
representation: a representation: a 
control flow control flow 
graphgraph
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Example Example 
Control Flow GraphControl Flow Graph

•• Basic blocksBasic blocks are are 
maximalmaximal--length set length set 
of sequential of sequential 
operationsoperations

–– Operations on a set Operations on a set 
of of virtual registersvirtual registers

»» UnlimitedUnlimited
»» A new one for each A new one for each 

computed valuecomputed value

•• Arcs representArcs represent
interblockinterblock control control 
flowflow
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Phases of CompilationPhases of Compilation

•• MachineMachine--
independent independent 
code code 
improvementimprovement
performs a performs a 
number of number of 
transformations:transformations:

–– Eliminate Eliminate 
redundant loads redundant loads 
stores and stores and 
arithmetic arithmetic 
computationscomputations

–– Eliminate Eliminate 
redundancies redundancies 
across blocksacross blocks
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Phases of CompilationPhases of Compilation

•• Target Code Target Code 
Generation Generation 
translates block translates block 
into the into the 
instruction set of instruction set of 
the target the target 
machine, machine, 
including including 
branches for the branches for the 
arcarc

•• It still relies in It still relies in 
the set of virtual the set of virtual 
registersregisters
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Phases of CompilationPhases of Compilation

•• MachineMachine--
specific code specific code 
improvement improvement 
consists of:consists of:

–– Register Register 
allocation allocation 
(mapping of (mapping of 
virtual register virtual register 
to physical to physical 
registers and registers and 
multiplexing)multiplexing)

–– Instruction Instruction 
scheduling (scheduling (fillfill
the pipelinethe pipeline))
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Compilation PassesCompilation Passes

•• A A passpass of compilation is a phase or sequence of of compilation is a phase or sequence of 
phases that is serialized with respect to the rest of the phases that is serialized with respect to the rest of the 
compilationcompilation

–– It may be written as separate program that relies on files It may be written as separate program that relies on files 
for input and outputfor input and output

•• TwoTwo--pass compilers are very commonpass compilers are very common
–– FrontFront--end and backend and back--end passes, or intermediate code end passes, or intermediate code 

generation and global code improvementgeneration and global code improvement

•• Most compilers generate assembly, so the assembler Most compilers generate assembly, so the assembler 
behaves as an extra passbehaves as an extra pass

•• Assembly requires linking that may take place at Assembly requires linking that may take place at 
compilation, load or runcompilation, load or run--timetime
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Compilation PassesCompilation Passes

•• Why are compilers divided in passes?Why are compilers divided in passes?

•• Sharing the frontSharing the front--end among the compilers of more end among the compilers of more 
than one machinethan one machine

•• Sharing the backSharing the back--end among the compilers of more end among the compilers of more 
than one languagethan one language

•• Historically, passes help reducing memory usageHistorically, passes help reducing memory usage
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Intermediate FormsIntermediate Forms

•• FrontFront--end and backend and back--end are linked using an abstract end are linked using an abstract 
representation known as the Intermediate Format (IF)representation known as the Intermediate Format (IF)

–– The IF is propagated through the backThe IF is propagated through the back--end phasesend phases

•• They classified according to their level of machine They classified according to their level of machine 
dependencedependence

•• HighHigh--level level IFs IFs are usually trees or directed are usually trees or directed acyclic acyclic 
graphs that capture the hierarchy of the programgraphs that capture the hierarchy of the program

–– They are useful for machineThey are useful for machine--independent code independent code 
improvement, interpretation and other operationsimprovement, interpretation and other operations
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Intermediate FormsIntermediate Forms
StackStack--based Languagebased Language

•• StackStack--based language are another type of based language are another type of IFsIFs
–– E.g.E.g. JVM, Pascal’s PJVM, Pascal’s P--codecode

•• They are simple and compactThey are simple and compact
–– They resemble postThey resemble post--order tree enumerationorder tree enumeration

•• Operations Operations 
–– Take their operands from an implicit stackTake their operands from an implicit stack
–– Return their result to an implicit stackReturn their result to an implicit stack

•• These languages tend to make language easy to port These languages tend to make language easy to port 
and the result code is very compactand the result code is very compact

–– Ideal for network transfer of appletsIdeal for network transfer of applets
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Java Virtual MachineJava Virtual Machine

•• JVM specJVM spec
–– http://java.sun.com/docs/books/vmspec/2ndhttp://java.sun.com/docs/books/vmspec/2nd--

edition/html/VMSpecTOC.doc.htmledition/html/VMSpecTOC.doc.html

•• TutorialTutorial
–– http://wwwhttp://www--106.ibm.com/developerworks/library/it106.ibm.com/developerworks/library/it--

haggar_bytecode/index.htmlhaggar_bytecode/index.html
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Reading AssignmentReading Assignment

•• Read ScottRead Scott
–– Sect. 9 IntroSect. 9 Intro
–– Sect. 9.1Sect. 9.1
–– Sect. 9.2 intro, and glance at IDL and RTLSect. 9.2 intro, and glance at IDL and RTL


