CS122A: Embedded System Design

Introduction

Metropolis framework
- Methodology
- Metamodel of computation
- Language: Meta model
— function specification
— design constraints
— architecture specification
- Formal methods
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Design criteria

« Codereuse
— Based on the Java parser of Ptolemy 1 (well, sort of...)

« Reduce effort to devel op back-end modules
— APIstoinspect the ASTs
— A generictraversal mechanism: Visitor design pattern
— An annotation mechanism: Properties

« Support incremental compilation (to beimplemented)
— Transparent from the point of view of the user
— Reuse ASTsfrom previous compilations
— Generate“skeletons” Metamodel files
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Overall compilation flow

Front - end

Loads meta-model files

Meta model language.

Checks syntax and semantics

Builds ASTs + semantic information 3
Elaboration | Front - end
Get the static structure of the
network:  # of nodes and their @
connections

Needed by back-ends that need static @ Elaboration

information about the network
Back —end
Traverse and analyze the ASTs I

Emits an output (languages, formal
methods) |

Several back-ends, user should select the
back-end to be used m
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Introduction
¥
[Frontend

Meta model
compiler

[Backend, ] [Backend,] [packend, ] . Jpackend ]
I I I 1
simutator | [ synthesis | |verfication
tool oo ool
2
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The implementation

« Language: Java (1.2 or later)
« Development: Unix
* Sources(CVS): netro/src/

* Packages:
et ropol i s/ net anodel Main package of the
compiler
net ropol i s/ met anodel / f r ont end Front-end of the compiler
net ropol i s/ met anodel / nodet ypes Definiton of the nodes of the AST
et ropol i s/ net anodel / backends Back -end modules of the compiler
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The frontend

« All file accesses and incremental compilation
are encapsulated in FileL oader:
— loads files from disk
— check syntax of the program
— builds theASTs

Packager esolution
Classresolution
Templatedimination |, Tass of semantic passes
T s et
— add semantic annotations
Metamodel checks

| oadConpi | eUni t (fil enane, pass)
| oadConpi | eUni t (pkg, cl ass, pass)

— refine the abstract syntax trees, e.g.
Nare ® Fi el dAccess
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The frontend

Meta model files

“File does not exist"

“Syntax error"

“package A does not exist”

“class B not found in package A"

“port Aalready declared”
“class A should implement a method B(int,float)”

“class A does not have afield called B”

“template A declared with 3 type parameters, but it is
used with 2"

“template instantiated with type ‘int', but used as an
object’

“Incompatible types in expression: +(intbool)”

“method A(in} not declared in class B”

“Type of port A of class B is not a Port interface"

“Second argument of ‘refine’ is nota netlist'

Abstract syntax trees

Nodes of theASTs are defined
in aclass hierarchy
Nodes provide a constructor that
definesall children and fields:
— achild
« asingle node
« alist of nodes
— atermina symbol
« identifier
« set of modifiers
* constants
Annotations store semantic
information.
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Absent ExprNode NameNode
TreeNode

|BinaryOpNode ” LiteralNode |

| LogCondNode ” StringLitNode |

CandNode

CandNode(
ExprNode expl, ExprNode exp2)

StringLitNode(
String lit)
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Abstract syntax trees

medium M {

port Reader<int> input;
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Abstract syntax trees

An abstract syntax tree (AST) represents how a program has
been derived from the grammar.

— The nodesof the AST represent productions of the grammar

— The leavesof the AST represent the terminal symbols

Conpi | eUni t: PackageDecl aration,,

Pt

I mpor t Decl ar at i ons o,

_Corrpu Ieuni t
PackageDecl arat i on

TypeDecl ar ati ons,,

PackageDecl aration package Name ;

Nane: | DENTI FI ER
| Name . | DENTI FI ER
package |[Java |[- || | ang ” |
8
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Abstract syntax trees

package mysystem.subsytem1;
import Reader;

public final medium M { ...}
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Abstract syntax trees

+ Each node of the AST has the following attributes:
alist with a fixed number of children

— alist of annotations

— alist of visitors that have visited the node

an identifier of this class of nodes

* The basic operations that can be performed on a node:

— Retrieve the parent get Parent()

— Retrieve achild get Chi I d(i ndex)

— Replace achild set Chi | d(index, val)
TRAVERSE — Set/get methods for each child get Name(), set Nane(val )

— Get the unique ID of the class classlD()

— Get acopy of asubtree clone()

— Traversal of the AST

ANNOTATE { B
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accept (visitor,args)

Annotate the node
Read an annotation

set Property(index, val)
get Proper ty(index)
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Abstract syntax trees Annotations

Example:annotate the AST of afilewith the number of classes The front-end provides several annotations with semantic information

declaredinthat file.
— On theCompileUnitNode information about the file

LU= IS CIoUPIoPel | DENT_KEY File name of the compile unit
public static final int NUMDECL_KEY = RESERVED_PROPERTIES + 1; PACKAEiKEY Enclosingpackage
| MPORTED_PACKAGES_KEY List of imported packages

/I Method to perform the annotation
void annoteNumDecls (CompileUnitNode asf {

intnumDecls =ast.getDefTypes().size(); — On other nodes: specific informations

astsetProperty (NUMDECL_KEY,new Integer(numDecls )); DECL KEY Name Node T Declaration of the name
b TH S_CLASS_KEY ThisNode TypeNameNodeof the class|
/1 Method to read the annotation SUPERCLASS_KEY ClassDecINode | Superclassof this type
AR RE N EEL IS RLCEE I JUNVP_DESTI NATI ON_KEY Jump nodes Destination of ajump
Integer num = (Integer) getProperty (NUMDECL_KEY yal); TYPE KEY ExprNode Type of the expression
return num.intvalue(); -
} 13 14
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Declarations Declarations: APIs
» Eachnodethat declares anew nameis . Basicinformation:
public update void write(int val) { annotated with a unique object, the : \dentifier of this declarati
e declaration. _ _ - nare s of thisdeleration
} «  Each referenceto anameis annotated with — category ind of declaration (e.g. CG | S9

the unique declaration of that name.
» Optional information:

B Ts— AssignNode — nodifiers Set of modifiers (if any)
NO MODS — cont ai ner Enclosing declaration (if any)
Type_] . SVp——— — source Node of the AST where the declaration is
ar anet er Dec :
category = OG_FORMAL; momwmds — scope sr;ﬂ?:bﬁzm)] names declared inside
CDS X e thisdeclaration (if any)
NameNode -source - NameNode
vl —— T7 val + Eachinformation defines methodshas| nf o( ),
ualifier |Params i ualfier |Pﬂ'a_"ﬂ getinfo() andsetlnfo() eg.:
get Property( DECL_KEY) Ii'l Ii'l 15 set Modi fiers(),get Nane() 16
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Declarations: APIs Visitors
Additional methods allow us to get specific information + Traversalsof the AST usethe Visitor design pattern:
from the declarations, without traversing the AST. “A solution to the problem of adding operations
— In PackageDec!: to the elements of an object structure without
Get all subpackagesof this package get SubPackages() changing the classes on which it operates”
Get subpackagewith agiven name get SubPackage ( nane) — 1traversal =1 Visitor class
Get all types defined in this package get User Types( ) — AST classes not modified when adding new Visitors
Get an type with a given name get User Type( nane)
— In ObjectDecl ¢ Thecode of thetraversal isdivided invi si t () methods:
Get thesuperclass get Super d ass () Obj ect visitNameNode( NameNode node,
Get the interfaces implemented getInterfaces() Li nkedLi st args)
Get all fields/one field get Fi el ds()/ get Fi el d( nane) . . PP
Get all portsione port get Por ts () get Por t ( nane) Therels.one_de.f aul tVisit () methodusedifvisit()
Get al parameters/ only one get Par anet er s () / get Par anet er ( nanme) method is not defined for aclass of nodes
Getall label/ only one getLabel s()/ get Label (narre) « Back-end tool may need several traversals of the AST
Get al methods/all with a name get Met hods() / get Met hods(nane) _ - . 18
Const r uct or s() ® Back-end tool = set of visitors + additional classes
i Ygea e ———e e L | cs269: HWISW Engineering of Embedded Systerms, Winter02.
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Visitors

public class MetaModelVisitor { |_—tiow to traverse
§ / the tree
public MetamodelVisitor(int traversalMethod) { .. }
e.g. preorder
public ObjectvisitCompileUnitNode(CompileUnitNode node LinkedList args){
return_ defaultVisit(nodeargs);
What to do on
public ObjectvisitProcessDecINode(ProcessDeciNode node, LinkedList args) { gachnode
return _ defaultVisi(node args); g. emit code
}
protected Object _ defaultVisit( TreeNode node, LinkedList args){
return null;
}
}
public class MyVisitor extends MetaModelVisitor {
// implement visit methods and choose traversal method
) 19
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How to write a back-end?

public interface Backend { public class SimulatorBackend implements Backend {

void invoke(Listargs, List sources); public abstract void invoke(Listargs , List sources) {

STEPS
1. Write a class implements Backend

2. Write method invoke() in that class

— define the arguments
— design necessary visitors
3. Write visitors to traverse the ASTs

4. Add flags to the compiler command-line

21
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How to write a back-end?
public interface Backend { public class SimulatorBackend implements Backend {
void invoke(Listargs, List sources); public abstract void invoke(Listargs , List sources) {
List flags = inspectArguments (args);
Iterator iter = sources iterator();
while (iterhasNext)){
CompileUnitNode ast = iter.next();
STEPS String code = ast.accept(new SimulatorVisitor(),flags);

X rintSimulationCode(code);
1. Write a class implements Backend e ( )

2. Write method invoke() in that class

— define the arguments

public class SimulatorVisitor extends isitor {

~ design necessary visitors public Object visitProcessDecINode(

3. Write visitors to traverse ASTs ProcessDecINode node, Lis@args){ ... }

public Object visitAwaitStatementNode(

4. Add flags to compiler command-li AwaitStatementNode node, Listargs){...}
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How to write a back-end?

public interface Backend {

void invoke(Listargs, List sources);

STEPS
1. Write a class that implements Backend
2. Write the method invoke() in that class
— define the arguments
— design necessary visitors
3. Write visitors to traverse the ASTs

4. Add flags to the compiler command-line

20
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public interface Backend { public class SimulatorBackend implements Backend {
void invoke(Listargs, List sources); public abstract void invoke(Listargs , List sources) {
List flags = inspectArguments (args);
Iterator iter = sources.iterator();
while (iter hasNexi() {
CompileUnitNode ast = iter.next();
STEPS String code = ast.accept(new SimulatorVisitor(),flags);
- . tSimulationCode(code);
1. Write a class implements Backend ) PIEISITUEticRERa(cete)
2. Write method invoke() in that class| ) }
— define the arguments
— design necessary visitors
3. Write visitors to traverse the ASTs
4. Add flags to the compiler command-line
22
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How to write a back-end?

public class Compiler {

) I

public static void main (String[] args){

protected static Backend backend = null;
protected static ListbackendArgs =new LinkedLis();

protected static String[ ] helpMessage = {**, “*};
inspectArgs(args);

protected static String[ ] usageMessage = { *

initCompiler();
asts = compileSources();

backend.invoke( backendArgs, asts );

STEPS 3
1. Write a class implements Backend public static void inspectargs(String[largs){
2. Write method invoke() in that class
— define the arguments
— design necessary visitors

3. Write visitors to traverse ASTs

4. Add flags to compiler command-line

|C5269: HWISW Engineering of Embedded Systerms, Winter02
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How to write a back-end?

public class Compiler {
) —

public static void main (String[] args){

protected static Backend backend = null;

protected static ListbackendArgs =new LinkedLis{();

i

protected static String[ ] helpMessage = {**,
inspectArgs(args);

protected static String[] usageMessage = {
initCompiler();

asts = compileSources();

backend.invoke( backendArgs, asts );

STEPS }
1. Write a class implements Backend public static void inspectArgs(String(] args){
for (inti = 0; i < args.length; i++) {
2. Write method invoke() in that class 3
String current = args[i];
— define the arguments
_ design n y visitors if (current.equals(*-simulator)) {
backend = new SimulatorBackend();

3. Write visitors to traverse ASTs
backendArgs = ... ;

4. Add flags to compiler command-line

269 Winter02

Documentation of the code

Writing a Visitor

27
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Stepsto Writea Visitor (2)

* Which traversal method to use?

There are 3 types of traversal:
*« TM_CUSTOM

— explicit callsneed to be madeto visit a
particular node

— Useful when only afew nodesin the AST need to be
visited.

29
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Stepsto Writea Visitor (1)

¢ What the return value is?

— If new information only needs to be stored in the nodes of
the AST, return null in this case.

— Usually, thereturn value for all the visit methods are
consistent.

¢ What nodesin the AST to be visited?
— only afew nodes
— all nodes

These will determine which traversal method to use.
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Stepsto Write a Visitor (3)

* TM_CHILDREN_FIRST
—visit children, then visit myself. Return value can be

stored in the parent node.

—if al nodes need to be visited and the return value of the
children will be needed by the parent.

*TM_SELF_FIRST
—visit myself, then visit children

— Used if all nodes need to be visited and the return
value of the childrenis not required.

|C5269: HWISW Engineering of Embedded Systerms, Winter02
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Structure of a Visitor (1)

File: MetaModelBackend.java

package metropolismetamodel .backends;

import metropolis.*;
import metropolis metamodel .*;
import metropolis metamodel .nodetypes .*;

public class MetaModelBackend extends MetaModelVisitor {

public MetaModelBackend() {
super(TM_CUSTOM); // traversal method

}

31
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What to do with a node? (1)

block (labelA) {

stmt1;
stmt2;
} label A
amtl stmt2
LocalLabelNode
¥ StatementNode  StatementNode

33
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Using TM_CUSTOM (1)

* Totraversealist of nodes, use this static method:

ArrayList TNLManip.traverselist
(IVisitor visitor, LinkedList args, List list);

StatementNode
StatementNode StatementNode

* Example:
public ObjectvisitBlockNodg BlockNodenode, LinkedList args)

TNLManip.traverseList(this, args, node.getStmts()); //or
List retVaue = TNLManip.traverseList(this, args, node.getSmty());

}

35
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Structure of a Visitor (2)

public ObjectvisitCompileUnitNode

(ConstraintBlockNode node,
} LinkedListargs) {
return null;

public Object visitLabeledBlockNode (LabeledBlockNode node,
LinkedListargs) {
return null;

protected Object _defaultVisit(TreeNode node, LinkedListargs) {
return null;
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What to do with a node? (2)

Look at LabeledBlockNode.java under:
metropolis/ metamodel/nodetypes:

public static final int CHILD_INDEX_STMTS=0;
public static final int CHILD_INDEX_LABEL =1;

public final List getStmts(){ ... }
public final LocalLabelNode getLabe() { ... }

LocalLabelNode
Children of node can beretrieved by:
node.getSmts();
geiStmes() StatementNode
node.getL abel();
StatementNode
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Using TM_CUSTOM (2)

» Totraverse only anode at onetime, invoke this
method on at TreeNode
Object accept(lVisitor visitor, LinkedList args);

LocaLabeNode = StatementNode

StatementNode
. Exampl e StatementNode

public ObjectvisitL abeledBlockNodg BlockNode node, LinkedListargy

node.getL abel().accept(this, args);

|C5269: HWISW Engineering of Embedded Systerms, Winter02
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Using TM_CHILDREN_FIRST

* Oneuseful method to retrieve the return values of the
children nodes:

— Object childReturnValueAt (int index);

StatementNode

StatementNode StatementNode

* Example:
public Object visitBlockNodg BlockNodenode, LinkedList arg9{
return nodechildReturnV alueAt(node.CHILD_INDEX_STMTS)

}

37
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MetaM odel CodeGenVisitor.java

public Object visitCompileUnitNode (CompileUnitNode node,
LinkedList args) {
LinkedList retList = new LinkedList();

if (node.getPkg() != AbsentTreeNode.instance) {

retList addLast ("package ");

retList addLast (node.getPkg().accept(this, args));

retList addLast (;\n");
}
retList.addLast (TNLManip.traverseList (this, args, node.getlmportg)));
retList.addLast ("\n");
Iterator typeltr = TNLManip.traverselist

(this, args, node.getDefTypes)).iterator();

return _stringListToString(retList);

39
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Other Useful Methods(1)

* Tocreatealist containing one object:
LinkedList TNLManip.addFirst(Object obj)

e Examples:

— Preparing alist of one string as an argument:
node.getName ().accept(this, TNLManip.addFirst("an object"));

— Preparing alist with one string asreturn value:
return TNLManipaddFirst(“return object");

a1
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MetaM odel CodeGenVisitor.java

(EXAMPLE)
package metropolis.metamodel.backends.metamode;

import metropolis.metamodel.*;
import metropolis.metamodel.nodetypes*;

public class MetaM odel CodegenVisitor extends MetaModel Visitor
implements MetalM odel Stati cSemanti cConstants{

public MetaModel CodegenVisitor() {

super(TM_CUSTOM);
}
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Other Useful Methods

e StringManip .java

* TNLManip.java

|Cs269: HWISW Engineering of Embedded Systems, Winter02




