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Exercise sheet 10
for 28 April 2004

2004-04-21
Do exercises 10.1, 10.2, and 10.3. Hand in the solutions.

Exercise 10.1 Add an i nst anceof expression | nst anceof of expr * string tothe micro-Java ab-
stract syntax in file oo/ Absyn. smi . Extend the expression interpreter eval in file 00/ 0o. snl to handle this
form of expression. The expression (e i nst anceof C),where e isan expression and Ca class name, is eval-
uated by evaluating expression e to an object, and if the result is different from nul | and its class is a subclass
of C (or equal to C), then the predicate is t r ue; otherwise it is f al se. You may use the subcl ass function
already defined in 0o/ 00. s .
Add the i nst anceof predicate also to the lexer and parser specifications in oo/ Qol ex. | ex and

oo/ Qopar.grm

Exercise 10.2 (1) Add support for static fields to the micro-Java abstract syntax in file oo/ Absyn. smi . You
need to make the following extensions:

o torepresent static field declarations, add a constructor SFi el ddec of typ * stringtothe nenber dec
type;

o to represent field access expressions, add a constructor Get SFi el d of string * string to the
expr type;

e to represent static field assignments, add a constructor Set SFi el d of string * string * expr
to the st nt type.

(2) Add support for static fields to the micro-Java concrete syntax by modifying the lexer and parser specifications,
to permit static field declarationst ati ¢ i nt f, static field accessC. : f, and static field assignment C. : f =
e. Use the C++-style field syntax C. : f instead of C. f, to easily distinguish static field accesses from instance
field accesses. (In a real Java or C# implementation this distinction is made by checking whether C is a class
name or variable name, but that is not conveniently done during parsing). Assume that all static field accesses and
assignments are prefixed with the class name C, as in this example:

class C extends Object {
static int f;

void incr() {
C:f =C:f + 1;
}
}

The abstract syntax for the above program might look like this:

[ C assdec("C', "CObject”,
[ SFi el ddec(Typl, "f"),
Met hoddec(NONE, "incr", [],
Bl ock [Stnt(SetSField("C", "f",
Pring("+",
GetSField("C', "f"),
Cst(Gstl 1))))1)1)]

You need to add new rules to the Menmber Dec, St nt M and Expr nonterminals, you need a new keyword
st ati c, and the operator : : .
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Exercise 10.3 Extend the micro-Java interpreter in oo/ 00. sn to implement static fields as introduced in Exer-
cise 10.2 above. You need to add a static field environment sf i el ds to the runtime representation of every class,
that is, the SML type cl ass. A static field environment maps a field name to a store location (and then the store
maps the location to the current value of the field). All objects of the class have the same static field environment.

You will need to modify the cl ass type and the functionsi ni ti al i ze,eval ,andexec. Inthei ni ti al i
function, you must make the f i el dsnet hods function return three lists for a class: a list of the static fields, a
list of the non-static fields, and a list of the methods. The list of static fields should be turned into a static field
environment sfi el ds : | ocation env, and locations should should be allocated in the store for the static
fields. Thus it may be necessary to pass the store st 00 to the i ni ti al i ze function.

Here’s a complication you can ignore: In Java, if a class A declares a static field g, and B is a subclass of A,
then A’s static field g is accessible also as B. g (unless B declares another g field, or A’s g field is private):

class A {
static int f = 1;
static int g = 2;

}

class B extends A {
static int f = 3;

}

cl ass Superclassfields {
public static void main(String[] args) {

Systemout.println("Af = + Af);
Systemout.println("A g = + A Q);
Systemout.printin("B.f =" + B.f);
Systemout.printin("B.g = + B.g);

}
}

In Java this program prints

A f
Ag
B. f
B. g

NWN P

In micro-Java you can just assume that the correct class prefix is always given in a field access A. gor A. g =

Exercise 10.4 Add static methods to micro-Java (first to the abstract syntax and interpreter, then to the lexer and
parser specifications). This can be done by adding a static method environment to every class. A static method is
called just as a non-static one, but the current object reference t hi s is not passed as a parameter to the method.
Hence there is no way a static method can access non-static fields or non-static methods.

ze

Assume that static method calls are prefixed with the correct class name C, using C++ syntax, asinC: : (. . .).

Exercise 10.5 Permita super reference in non-static method calls, as in super . (. . . ) . If the current object
reference t hi s refers to an object o of class C, then the search for method mstarts in the immediate superclass of
C, notin class C. The method is called with its current object reference t hi s bound to o.

Exercise 10.6 Implement non-static field access o. f in micro-Java properly (as in Java). Modify the abstract
syntax for non-static field access (Get Fi el d and Set Fi el d) to carry also the compile-time type (a class name)
of the object expression 0. Modify the field environment of objects so that it maps from a pair ( B, f) of (declar-
ing) class B and field name f to a location, not just from the field name f to a location. Modify non-static field
access to take the type of the object expression o into account as in Java.

Exercise 10.7 (Small project) Write a type checker for micro-Java. For this, you need to modify the abstract
syntax to carry a type (primitive type or class) on every field access (Get Fi el d and Set Fi el d).



