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1. A program is represented by the following subtree where def can be either a DeclOp, ProceOp, Fun-
¢cOp, TypeldOp or ConstantdOp subtree and stmt is the statement list subtree for the main program

body.
ProgramOp

2. A variable declaration of the form I;, I ,..I,: T or J: T is represented by the following subtree
where each / is an identifier, cach T is an appropriatc rype subtrec, and ~denotes a null tree.

~
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[image: image2.jpg]3. Anamay type, (e.g., array(I;..1,...1,;..1,) of type), is represcnied by the following subiree where
each / is an identifier or signed or unsigned integer constant.
ArrayTypeOp
BoundOp o
SubrangeOp,
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4. Arecord type, record Iy, ... : Ty; i Ly, o, Lot T, endrec is represented by:
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[image: image3.jpg]A subrange I;..I, is represented by the following trec where each I; is either an identificr or signed or

unsigned integer constant.
6. A type definition Id = T is represented by:

-

7.  Constant identifiers, constant Id = number, (where number is a NUMNode, CHARNode, or
STRINGNode as described later) are represented by:
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[image: image4.jpg]A function declaration, (e.g., function Id (var I;: Ty ; ... 1,:T,) return T is body), is represented
by the following subtree with root FuncOp. In this subtree, stmt, and specs are the statement list and
formal argument list subtrees, respectively. Each def is a subtree representing a declaration or
definition local to this function. A procedure declaration is represented by a subtree with root Pro-
ceOp. For a forward declaration, the first BodyOp is replaced by a DummyNode.

ProceO)

or FuncOp

BodyOp

S B E=e
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BodyOp

9. The formal argument list of a function declaration is represented by the following subiree where T
is the return type of the function, RargTypeOp represents the refercnce parameter passing mode and
VargTypeOp represents the value parameter passing mode. If the formal argument list is for a pro-

cedure, the return type T is replaced by a DummyNode. 1f the formal argument list is empty the. left
child of SpecOp is replaced by a DummyNode.
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[image: image5.jpg]10 A sequenceof statements (e.g., S;; S,; ... Sn) is represented by the following tree. The empty state-
ment is represented by replacing §; by a DymmyNode.

11.  An IF statlement if B; then S, elsif B, then S, ...else S, endif corresponds to the following subtree
where B; is the subtree for a boolean expression and each S; is a statement list subtree. If there is no

else clause, then the S, tree is null.
L/

IfElscOp
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[image: image6.jpg]" The while statement while B loop S;;..;S, endloop is represented by the following subtree where B
is a boolean expression subtree and § is a statement list subtree.

2.

13. The repeat statement repeat S;; ...; S, until B is represented by the following subtree where B isa
boolean expression subtree and § is a statement list subtree.

14. The for statement for Id := E, to/downto E; loop S;;...;S, endloop is represented by the following
subtree where iterator is a subtree describing the iteration sequence and § is a statement list subtree.

ES

15. The iterator subtrees follow. The root node is cither an ToOp or a DowntoOp and each E is an
expression subtree.
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[image: image7.jpg]A function call or procedure call with arguments A, through A, is represented as the following
subtree. Each argument is an expression subtree that represents the value (o be passed. The call tree
is the same for a parameterless call, except that the right subtree is null.

RoutincCallOp

Ca D N
=)

17. The assignment statement Vy:=Vy:=...V,:=E is represented by the following subtree where V; is a
variable subtree and E is an expression subtree.

$16.

AssignOp
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18. The return statement is represented by the following subtree where E is the tree for the return value
expression. If there is no return value, the RetumOp node has two null subtrees.

B

19. The exit statement is represented by the following subtree:

By

20. The binary operators +,-%,div,<,>,=,<>,<=,>=,and,or all produce the following form of subtrees
where E; and E, arc the trees for the operands and binop is, respectively, AddOp, SubOp, MultOp,
DivOp, LTOp, GTOp, EqOp, NeOp, LcOp,GeOp, AndOp and OrOp.

\
D

21. The unary operators - and not produce the following form of subtree where E is the tree for the sin-
gle operand and unop is either UnaryNegOp or NotOp.

unop

22. A variable (c.g., Id or Y4(Ey, ..., E, ) field_id, cic) is represented by the following subtree where each

ref is either an indcxing operation or a ficld operation. If the variable is a single 1d, the right child of
VarOp is a DummyNode.
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23.  An array indexing operation (e.g., (E1,Ez ,.E,)) corresponds to the following subtree.

G D N
Cpon D

24. A record accessing operation (c.g., .Id) is represented by the following subtrec:

25. Identifiers, integer constants, character constants, and string constants arc represented by leal
nodes of kinds IDNode, NUMNode, CHARNode, and STRINGNode, respectively. During semantic
analysis, all identifier leaves arc replaced with STNode lcaves containing a reference to the appropri-
ate symbol table entry.
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