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04-0: Abstract Syntax Tree (AST)

e Parse trees tell us exactly how a string was parsed
e Parse trees contain more information than we need

e We only need the basic shape of the tree, not where everyeraniral is
e Non-terminals are necessary for parsing, not for meaning

e An Abstract Syntax Tree is a simplifed version of a parsetrbasically a parse tree without non-terminals
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04-1: Parse Tree Example T — T x F Parsetreefor3+4*5
T—F
F — num
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04-2: Parse Tree Example T — T x F Parse treefor3+4*5
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F — num
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04-3: Abtract Syntax Tree Example 7 — T x F Abstract Syntax Tree for3+4*5
T—F
F — num

N
4/ \5

04-4: AST — Expressions

e Simple expressions (such as integer literals) are a sirmgle n
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e Binary expressions (+, *, /, etc.) are represented as a wloich stores the operation), and a left and right
subtree

e 5+ 6*7+ 8 (onwhiteboard)
04-5: AST — Expressions
e What about parentheses? Do we need to store them?
04-6: AST — Expressions

e What about parentheses? Do we need to store them?

e Parenthesis information is store in the shape of the tree
e No extra information is necessary

Integer_Literal(3) +

N

Integer_Literal(4) Integer_Literal(5)

3*(4+5)
04-7: AST — Expressions
3*(4+5)

04-8: AST — Expressions
(3+4)*(5+86)

04-9: AST — Expressions
(3+4)*(5+6)

+ +
e -
Integer_Literal(3) Integer_Literal(5)

Integer_Literal(4) Integer_Literal(6)
04-10: AST — Expressions

(((4))
04-11: AST — Expressions

(@)
Integer_Literal(4)

04-12: AST — Variables
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e Simple variables (which we will caBase Variables) can be described by a single identifier.

e Instance variable accessgs. y) require the name of the base variabbe) , and the name of the instance

variable(y) .
e Array accesse§SA[ 3]) require the base variab{ex) and the array indek3) .
e Variable accesses need to be extensible
e X.y[3].z
04-13: AST — Variables

e Base VariablesRoot is “BaseVar”, single child (name of the variable)

e Class Instance VariablesRoot is “ClassVar”, left subtree is the “base” of the var@ghlight subtree is the

instance variable name

e Array Variables Root is “ArrayVar”, left subtree is the “base” of the variabtight subtree is the index

04-14: AST — Variables

ClassVar
BaseVar PN
BaseVar identifier(y)
identifier(x)
identifier(x)
ArrayVar ArrayVar

AN
BaseVar Integer Literal(4) ClassVar Integer_Literal(4)

identifier(x) BaseVar identifier(w)

identifier(x)

ClassVar

N
ArrayVar identifier(z)

BaseVar Integer_Literal(3)

identifier(y)

04-15: AST — Instance Variables
class sinpledass {

int a;

int b;
cl ass conpl exCl ass {

int u

sinpl ed ass v;
void main() {

conpl exd ass x;

x = new conpl exd ass();

X.v = new sinpl eCl ass();

X.v.a = 3;

}

04-16: AST — Instance Variables

X.v.a
04-17: AST — Instance Variables

X.v.a
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ClassVar

7N

ClassVar identifer(a)

/

BaseVar identifier(v)

identifier(x)
04-18: AST — Instance Variables
W.X.Y.Z
04-19: AST — Instance Variables
W.X.Y.Z
ClassVar
PN

ClassVar identifer(z)

/ - .
ClassVar identifer(y)

/

BaseVar identifier(x)

identifier(w)

04-20: AST — Instance Variables

V.W[X.y].z
04-21: AST — Instance Variables
V.W[X.y].z
ClassVvar
/ - .
ArrayVar identifer(z)
/ \
ClassVar

ClassVar

N\ 7N\

BaseVar identifier(w) BaseVar identifier(y)
identifier(v) identifier(x)

04-22: AST — Statements
e Assignment StatementRoot is “Assign”, children for left-hand side of assignmstdtement, and right-hand

side of assignment statement
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assign

/

Variable tree for
the Left-Hand Side
of the assignment
statement (destination)

Variable tree for
the Right-Hand Side
of the assignment

statement (value to assign)

04-23: AST — Statements

o |f Statement Root is “If”, children for test, “then” clause, and “else’atlse of the statement. The “else” tree
may be empty, if the statement has no else.

Statement tree for
"else" statement

Statement tree for
"then" statement

Expression tree for
the test

04-24: AST — Statements

e While StatementRoot is “While”, children for test and body of the while loop.

while

T

Statement tree for
the body of the looj

Expression tree for
the test

04-25: AST — Statements

e Block StatementThat is,{ <statement}; <statement2; ... <statementi+ }. Block statements have a vari-
able number of children, represented as a Vector of children

block

_—/

Expression tree for
the second statement
in the block

Expression tree for
the nth statement
in the block

Expression tree for
the first statement
in the block
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04-26: AST — Statements

e Variable Declarations
e Non-array variable declaration
<TYPE> <NAME>;
e One-Dimensional array declaration
<TYPE> <NAMVE>[];
e Two-Dimensional array declaration

<TYPE> <NAME>[][];

04-27:AST — Statements

e Variable Declarations ASTs for variable declarations have 4 children:

¢ An identifier, for the type of the declared variable

¢ An identifier, for the name of the declared variable

e An integer, for the dimensionality of the array (non-arrayiables have dimension 0)
e An expression tree, which represents the initial valuer(j)a

04-28: Variable Declarations

int x = 3;

VariableDec

N

identifier(int) identifier(x) 0 integer_literal(3)

04-29: Variable Declarations

int y[I[];

VariableDec

/O

identifier(int) identifier(y) 2
04-30: New Array Expressions

e New Array expressions are similar to variable expressions:

e Single dimensional array
new i nt[3];

e Two dimensional array
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new int[3][];
e Three dimensional array
new int[4][]1[];

04-31:New Array Expressions

e New Array expressions have 3 children

e Type of array to allocate
e Number of elements in the new array
e Dimensionality of each array element

04-32:New Array Expressions

new int[3];

NewArray

|

identifier(int) integer_literal(3) O
04-33:New Array Expressions

new int[4][]1]];

NewArray

|

identifier(int) integer_literal(4) 2
04-34:New Array Expressions

int AI]J[] = newint[5][];

VariableDec

identifier(int) identifier(A) 2 NewArray

o

identifier(int) integer_literal(5) 1

04-35: Representing Trees in Java
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e Each “Subtree” is an instance variable
e For trees with variable numbers of children (function cadts.), use arrays or Vectors
e Access instance variables using accesser methods
04-36: Representing Trees in Java
e Expression Trees

e Abstract ASTExpression superclass
e Integer Literal Expression
e Operator Expression

Go over code for ASTExpression, ASTIntegerLiteral ExpimssASTOperalorExpressionO4-37 . R e p resen t| n g Tl’e es | n \] ava

/\
/\
/\

e How could we build this tree?

04-38: Representing Trees in Java

ASTExpression t1, t2, tree;
t1 = new ASTOper at or Expr essi on( ASTI nt eger Li teral (4),
ASTIntegerLiteral (5), "*");
t2 = new ASTOper at or Expr essi on( ASTI nt eger Li teral (3),
t1, ")
tree = new ASTOper at or Expressi on(t 2,
ASTI nt eger Literal (2),
ASTOper at or Expr essi on. M NUS) ;

2

04-39: Representing Trees in Java
N ,

/ \
/ \
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e \We can extract the integer value 2:

int value = ((ASTIntegerLiteral)
((ASTOper at or Expression) tree).right()
). val ue();

04-40: Representing Trees in Java

/\

+ 2

/\

3 *
/N
4 5

e We can extract the integer value 3:

int value = ((ASTIntegerLiteral)
( (ASTOper at or Expr essi on)
( (ASTOper at or Expression) tree).left()
). left()
). val ue();

04-41: Representing Trees in Java

/N

+ 2

/' \

3 *
/\
4 5

e \We can extract the integer value 5:

int value = ((ASTIntegerLiteral)
( (ASTOper at or Expr esi on)
( (ASTOper at or Expr essi on)
((ASTOper at or Expression) tree).left()
).right()
).right()
).val ue();

04-42: Representing Trees in Java

o A few extra details ...

e All AST nodes will contain a “line” instance variable

e Accessed throughtHel ne() andset | i ne() methods
e Notes which line on the input file the node appeared on

e All AST nodes will contain an “accept” method (explainedlire thext few slides)
04-43: Representing Trees in Java
e Trees with variable numbers of children

foo(3,x,4,5);
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FunctionCall

7

identifier(foo) identifier(x) integer_literal(5)

integer _literal(3) integer_literal(4)
04-44:Variable # of Children

e Constructor which creates no children

e Also a constructor that contains a single child
e Add children withaddEl emrent method
e Find children withel emrent At method

e Find # of children withsi ze method

Put upASTFuncti onCal | St at enent . j ava

04-45: Traversing Trees in Java

e \Want to write a function that calculates the value of an esgion tree

e Function that takes as input an expression
e Returns the value of the expression

04-46: Traversing Trees in Java

i nt Cal cul at e(ASTExpression tree) {

e How do we determine what kind of expression we are traversing

e (Integer Literal, or Operator)?

04-47: Traversing Trees in Java

int Cal cul at e(ASTExpression tree) {

if (tree instance of ASTIntegerLiteral)
return ((ASTIntegerLiteral)tree).val ue();

el se {
int left = Calcul ate(((ASTOperatorExpression) tree).left());
int right = Cal cul ate(((ASTOperator Expression) tree).right());
switch ((ASTOperator Expression) tree.operator()) {
case ASTOper at or Expr essi on. PLUS:
return left + right;
case ASTOper at or Expr essi on. M NUS:
return left - right;
case ASTQper at or Expr essi on. TI MES:
return left * right;
case ASTQper at or Expr essi on. DI VI DE:
return left / right;
}

}
}

04-48: Traversing Trees in Java

e Using “instance of”, and all of the typecasting, is not velggant
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e There is a better way — Visitor Design Pattern

04-49: Traversing Trees in Java

int Cal cul at e( ASTExpression tree) {
if (tree instance of ASTIntegerLiteral)
return Calcul atelntegerLiteral ((ASTIntegerLiteral)tree);
else if (tree instance of ASTOperator Expression
return Cal cul at eOper at or Expr essi on( ( ASTOper at or Expr essi on) tree);
el se
return -1; /* error! */

}

04-50: Traversing Trees in Java

int Cal cul at eOper at or Expr essi on( ASTOper at or Expression tree) {
int left = Calculate(tree.left());
int right = Calculate(tree.right());
switch (tree.operator()) {
case ASTOper at or Expr essi on. PLUS:
return left + right;
case ASTQper at or Expr essi on. M NUS:
return left - right;
case ASTQper at or Expr essi on. Tl MES:
return left * right;
case ASTQper at or Expr essi on. DI VI DE:
return left / right;
}

}
}

int CalculatelntegerLiteral (ASTIntegerLiteral tree) {
return tree.value();
}

04-51: Virtual Function Review

e Quick Review of virtual functions

e See filesShape. j ava,Circl e.java, Squar e. j ava on other screen

Shape Shapes[];
for (1=0; i<Shapes.size; i++)
Shapes[i].draw);

04-52: Traversing Trees in Java

e Using “instance of”, and all of the typecasting, is not velggant
e There is a better way — Visitor Design Pattern

e A Visitor is used to traverse the tree
e Visitor contains a Visit method for each kind of node in thesetr
e The visit method determines how to process that node
e Each node in the AST has an “accept” method, which calls tipeoggpiate visitor method, passing in a
pointer to itself
04-53: Traversing Trees in Java

e Each nodein the AST contains an “accept” method

e Takes as input a visitor
e Calls the appropriate method of the visitor to handle thesnpdssing in a pointer to itself
e Returns whatever the visitor tells it to return
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Put up examples of Expression AST w/ “accept” methods

04-54: Traversing Trees in Java

ASTExpr essi on. j ava Cal cul ate (inplements ASTVisitor)
Obj ect Accept (ASTVisitor v); ‘\

>\Chj ect VisitOperatorExpression (...) {
ASTOper at or Expr essi on |~

Obj ect Accept (ASTVisitor v) }
return V. VisitOperator Expression(this)

Ohject VisitlintegerLiteral (...) {

ASTI nt eger Li teral /

Obj ect Accept (ASTVisitor v) / }
return V.VisitlntegerLiteral (this)

04-55: Visitor Interface

e Visitor Interface for Expression Trees

public interface ASTVisitor {

public Object VisitlntegerLiteral (ASTIntegerLiteral literal);

public Object VisitOperator Expressi on( ASTOper at or Expr essi on opexpr);
}

04-56: Visitor Implementation

e Write a Visitor to calculate the value of an expression tree

e ImplementVi si t |l nitegerlLiteral andVi sit Oper at or Expr essi on methods

public Object VisitlntegerLiteral (ASTIntegerLiteral literal) {

}

04-57: Visitor Implementation

e Write a Visitor to calculate the value of an expression tree

e ImplementVi si t |l nitegerlLiteral andVi sit Oper at or Expr essi on methods

public Object VisitlntegerLiteral (ASTIntegerLiteral literal) {
return new Integer(literal.value());

}

04-58: Visitor Implementation

public Object VisitOperatorExpression(ASTOper at or Expr essi on opexpr) {

}

04-59: Visitor Implementation

public Object VisitOperatorExpressi on( ASTOper at or Expr essi on opexpr) {

Object left = opexpr.left().Accept(this);
Obj ect right = opexpr.right().Accept(this);

int leftValue = ((Integer) left).intValue();
int rightValue = ((Integer) right).intValue();
switch (opexpr.operator()) {
case ASTQper at or Expr essi on. PLUS:

return new I nteger(leftVvalue + rightValue);
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case ASTOper at or Expr essi on. M NUS:
return new I nteger(leftValue - rightValue);
case ASTOper at or Expr essi on. MULTI PLY:
return new I nteger(leftValue * rightVal ue);
case ASTOper at or Expr essi on. DI VI DE:
return new I nteger(leftVvalue / rightValue);
defaul t:
Systemout. println("ERROR -- ||l egal Operator");
return new | nteger(-1);
}

}

04-60: More Visitors — Tree Printing

e We'd like to print out expression trees

e Show the structure of the tree itself

*/ +\
3/ \4

04-61: More Visitors — Tree Printing

e We'd like to print out expression trees

e Show the structure of the tree itself
+
* *
3 4 5 6

04-62: Tree Printing

e Maintain a “current indentation level”
e To Print out a Integer Literal

e Print the value at the current indentation level
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e To Print out an operator

e Print the root of the tree at the current indentation level
e Print the children at a larger indentation level

Code for Tree Printing on other scree104-63: VISItOI’ OVe I’VI ew

e Eachnodeinthe AST has an “accept” method, that takes avéstan input parameter, and calls the appropriate
method of that visitor. The “accept” method then returnsteter the visit method returns.

e The Visitor has a visit method for each AST node, which hasdisiting that nodeTypically, visit methods call
the “accept” method on the subtrees of the node, collectatg fiftom the subtrees. This data is then combined,
and returned.

e Visitors often contain instance variables that allow dathe¢ shared among visit methods (such as the “current
indentation level” for printing trees)

04-64: JavaCC Actions

e Each JavaCC rule is converted into a parsing method
e Just like a recursive descent parser created by hand
e We can add arbitrary Java code to these methods

e We can also add instance variables and helper methods #rgtgarser method can access
04-65: JavaCC Actions

e Adding instance variables
PARSER BEGQ N( par ser Nane)
public class parserNane {
/* instance vari abl es and hel per nethods */
[* Optional ‘‘main’’ nmethod (the ‘‘main’’

nmet hod can also be in a separate file) */

}

PARSER END( par ser Nane)

04-66: JavaCC Rules

<return type> <rule nanme>()

{
/* local variables */
}
{
Rul e
| Rul e2

I
}
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e Each rule can contain arbitrary Java code betwleand}

Put up code for parensl.jj file

04-67:JavaCC Rules

e JavaCC rules can also return values
e Works just like any other method

e Use “jvariable¢, =" syntax to obtain values of method calls

Put up code for parens2.jj

04-68: JavaCC Rules

e Building A JavaCC Calculator

e How would we change the following .jj file so that it computée tvalue of the expression, as well as parsing
the expression?

Put up code for calc.noact.jj

04-69: JavaCC Rules

int conpl ete_expression():
{ int result; }

{

result = expression() <EOL>
{ return result; }

}

04-70: JavaCC Rules

int factor():
{int value; Token t;}

{
t = <I NTEGER_LI TERAL>
{ return Integer.parselnt(t.inmage); }
| <M NUS> val ue = factor()
{ return O - value; }
| <LPAREN> val ue = expression() <RPAREN>
{ return value; }
}

04-71: JavaCC Rules

int term():
{Token t; int result; int rhs;}

result = factor() ( (t = <MULTIPLY> | t = <DIVIDE>) rhs = factor()
{ if (t.kind == MULTIPLY)
result = result * rhs;
el se
result = result / rhs;

}

B
{ return result; }

Swap other screen to calc,jj04-72: ParSi ng a te m ()

e Function to parse a factor is called, result is storedesul t
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e The next token is observed, to see ifitis a * or /.
e If so, function to parse a factor is called again, storingrésailt inr hs. The value of result is updated
e The next token is observed to see ifitisa * or/.

e ...
04-73: Expression Examples

o 4
e 3+4
e 1+2*3+4

04-74: Input Parameters

e JavaCcC rules == function calls in generated parser
e JavaCcC rules can haveput parameters as well as return values
e Syntax for rules with parameters is the same as standarcbohettils
04-75: Input Parameters
voi d expression():
tern() expressionprime()

oi d expressionprine():
}
<PLUS> tern{) expressionprine()

v
{
{
| <M NUS> tern() expressionprine()
| {1
}

e What shoulckPLUS> tern{) expressionprine() return?
04-76: Input Parameters

e What shouldkPLUS> tern() expressionprime() return?

e Get the value of the previous term
e Add that value td er m()
e Combine the result with whatevexpr essi onpri me() returns

e How can we get the value of the previous term?

e How can we combine the result with whateesrpr essi onpri me() returns?
04-77: Input Parameters

e What shouldkPLUS> tern() expressionprime() return?

e Get the value of the previous term
e Add that value td er m()
e Combine the result with whatevexpr essi onpri ne() returns
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e How can we get the value of the previous term?
e Have it passed in as a parameter
e How can we combine the result with whateespr essi onpri me() returns?

e Pass the resultintexpr essi onpri me(), and havexpr essi onpri me() do the combination

04-78: Input Parameters

int expression():
{int firstterm int result;}

firstterm= tern() result = expressionprime(firstterm
return result; }

}

int expressionprime(int firstterm:

{ int nextterm int result; }

{

<PLUS> nextterm= tern{) result = expressionprine(firstterm+ nextterm

{ return result; }

| <M NUS> nextterm = ternm() result = expressionprime(firstterm- nextterm
{ return result; }

| { return firstterm }

}

04-79: Building ASTs with JavaCC

e Instead of returning values, return trees
e Call constructors to build subtrees

e Combine subtrees into larger trees

Put up code for calc.noact.jj

04-80: Building ASTs with JavaCC

ASTExpression factor():
{ ASTExpr essi on val ue; Token t;}
{

| t = <I NTEGER LI TERAL>
{ return new ASTIntegerLiteral (I nteger.parselnt(t.image)); }

}

04-81: Building ASTs with JavaCC

ASTExpression factor():
{ ASTExpr essi on val ue; Token t;}

<M NUS> val ue = factor()
{ return new ASTOper at or Expr essi on( new ASTI nt eger Literal (0),
val ue,
ASTOper at or Expr essi on. M NUS) ; }

-

04-82: Building ASTs with JavaCC

ASTExpression tern():
{Token t; ASTExpression result; ASTExpression rhs;}
{

result = factor() ( (t = <MULTIPLY> | t = <DIVIDE>) rhs = factor()
{ result = new ASTOperat or Expression(result, rhs, t.image);
}
)*
{ return result; }

}
04-83: Project

e FilesASTxxx. ] ava

e Tree Printing Visitor
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e Driver program
04-84: Project Hints

e The Abstract Syntax TreAGTxxXx. j ava) is pretty complicated. Take some time to understand thetstre
of sjava ASTs

e There is nothing in the AST for “++” or unary minus, but:

e <var>++isthesameasvar> = <var> + 1
e -<exp>isthesameaB - <exp>



