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E(t) = Binop Add E(t1) E(t2) t1 = t2 = Int, t = Int
| Binop Eq E(t1) E(t2) t1 = t2 = Int, t = Int
| Ident ident sym = lookup(ident), t = sym.type
| IntLit int t = Int
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� #�������' 0 == (x + y) �4�x �
�y ���
�	��
����Int

Binop(t = Int)

Eq

IntLit(value = 0,
t     = Int)

Binop(t = Int)

Add

Ident(name ="x",
t    = Int)

Ident(name ="y",
t    = Int)
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P = Program { D } B(tb)
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D = FunDef ident { F }({ta}) T(tt) E(te)
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F(t) = Formal ident T(tt)
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B(t) = Block { S } E(t1)
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T(t) = BasicType Unit
| BasicType Int
| BasicType Any
| ListType T(tt)
| FunType { T }({ts}) T(tt)

S = VarDef F(tf) E(te)
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| While E(tc) E(te)

| Exec E(te)

E(t) = UnitLit

| IntLit int

| NilLit

| ...



Programming Language Implementation

5

Martin Odersky, LAMP/DI 9

����� �����!�����
�������������!���"���

�����
���� ���

E(t) = ...

| Ident ident

| Assign ident E(t1)

| Apply E(tf) { E }({ta})

| If E(tc) E(t1) E(t2)

| ...
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E(t) = ...

| Binop Cons E(t1) E(t2)

| Binop O E(t1) E(t2) O != Cons

| Listop Head E(t1)

| Listop Tail E(t1)

| Listop IsEmpty E(t1)

| B(t1)
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� #������' List[bottom] <: List[Int]
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Operation(t = Int, s = ...)

Eq

IntLit(value = 0,
t     = Int,
s     = ...)

Operation(t = Int, s = ...)

Add

Ident(name = "x",
t  = Int,
s = ...)

Ident(name ="y",
t    = Int,
s    = ...)
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E(t,s) = Binop Add E(t1, s1) E(t2, s2)

| Binop Eq E(t1, s1) E(t2, s2)

| Ident name (sym)
| ...
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public class Analyzer implements Visitor {

private Scope scope;

Analyzer(Scope scope) { this.scope = scope;}

Type analyze(Tree tree, Scope scope) {
tree.apply(new Analyzer(scope));
return tree.type;

}

void caseBinop(Binop tree){
if (tree.tag == Tree.ADD) {

Type t1 = analyze(tree.left, scope);
Type t2 = analyze(tree.right, scope);
if ((t1 != Type.INT_TYPE) &&

(t1 != Type.BAD_TYPE)) {
Report.error(tree.left.pos,

"expected integer, " +
"found " + t1);

}
if ((t2 != INT_TYPE) &&

(t2 != BAD_TYPE)) {
Report.error(tree.right.pos,

"expected integer, " +
"found " + t2);

}
tree.type = Type.INT_TYPE;

}
...

}

public void caseIdent(Ident tree) {
tree.sym = scope.lookup(tree.name);
if (tree.sym == null) {

error(tree.pos,
tree.name + " undefined");

tree.type = Type.BAD_TYPE;
} else {

tree.type = sym.type;
}

}

...

}
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public Type analyze(Tree tree, Scope scope) {
Scope scope1 = this.scope;
this.scope = scope;
tree.apply(this);
this.scope = scope1;
return tree.type;

}
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public Type analyze(Tree tree) {
tree.apply(this);

}
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public Type checkType(int pos, Type found, Type required) {
if (found.isSubType(required)) return found;
error(pos, "type error: " +
"expected " + required + "," +
"found " + found);

return Type.BAD_TYPE;
}

6������� caseBinop ���
����������	���
������������������"��������
public void caseBinop(Binop tree) {
if (tree.tag == Tree.ADD) {
checkType(tree.pos, analyze(tree.left), Type.INT_TYPE);
checkType(tree.pos, analyze(tree.right),Type.INT_TYPE);
tree.type = Type.INT_TYPE;

}
...

}
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P = Program { D } B(tb)
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B(t) = Block { S } E(t)
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D = FunDef ident { F }({ta}) T(tt) E(te) tf = ({ta}) => tt
te <: tt

��
���������
������
��:F; 	
����������!��������
��$������&����	
����
�
���
�������
�
�"��2��
��������!�
����������	
����
����
�������
�
�$�	��
����ident �
�	��
����tf"���
����������
�����������E 	
����
����
���	���

������
�"

F(t) = Formal ident T(t)
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T(t) = BasicType Unit t = Unit
| BasicType Int t = Int
| BasicType Any t = Any
| ListType T(tt) t = List[tt]
| FunType { T }({ts}) T(tt) t = ({ts}) => tt

S = VarDef F(tf) E(te) te <: tt
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������������������E �
�F 	
����
����
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�
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| While E(Int) E(te)

| Exec E(te)

E(t) = UnitLit t = Unit

| IntLit int t = Int

| NilLit t = List[Bottom]

| ...
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E(t) = ...

| Ident ident sym = lookup(ident)
t = sym.type

| Assign ident E(t) sym = lookup(ident)
sym.isVariable()
t <: sym.type

| Apply E(tf) { E }({ta}) tf = ({ts}) => t
{ta} <: {ts}

| If E(Int) E(t1) E(t2) t1 <: t2 or t2 <: t1
t = max(t1, t2)

| ...
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E(t) = ...

| Binop Cons E(t1) E(t2) t2 <: List[t1] or
List[t1] <: t2
t = max(List[t1], t2)

| Binop O E(t1) E(t2) O != Cons
t = t1 = t2 = Int

| Listop Head E(t1) List[t] = t1

| Listop Tail E(t) t <: List[Any]

| Listop IsEmpty E(t1) t1 <: List[Any]
t = Int


