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JVM Extentions to Realize Tail Recursion Optimization and
First-class Continuations

AKISHIGE YAMAMOTO' and TAIICHI YUASAft

There are several programming languages that require tail recursion optimization and first-
class continuations. Scheme, Standard ML, and several other mostly functional languages
require these features. These languages rely heavily on the efficiency of tail recursion, and
the ability of controlling continuations is one of the important features. However, it is diffi-
cult to implement tail recursion optimization and first-class continuations on the Java Virtual
Machine (JVM), because the JVM specification does not provide features to realize them.
Although various compilers are implemented that produce JVM byte code, some of them can-
not realize full language features because of the restriction of the JVM specification. In this
research, we propose byte code extensions and classes to support their execution to realize tail
recursion optimization and first-class continuations on the JVM. Although there are various
ways to extend it and implement them, we aim at having respect for the basic design of the
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JVM as far as possible and realizing them efficiently with minimum extensions.
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Fig.2 Frame state after method invocation.
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Fig.3 Frame state after tail recursion.
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static public int sum(int n, int r) {
if (n > 0) return sum(n - 1, r + n);
else return r;
}
static public int sumTail(int n, int r) {
if (n > 0) return sumTail2(n - 1, r + n);
else return r;
}
static public int sumTail2(int n, int r) {
if (n > 0) return sumTail(n - 1, r + n);
else return r;
}
static public int sumLoop(int n, int r) {
while (n > 0) {
r += n--;
}
return r;
}
static public int sumExc(int n, int r) {
try {
if (n > 0) return sumExc(n - 1, r + n);
else if (n == 0) return r;
else throw new Exception("negative");
} catch (Exception e) {

return -1;

04 O0O00OO0O0OO0O0OO
Fig.4 Benchmark code.
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Fig.11 Sentinel frame.
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(define (first-negative lst)
(call-with-current-continuation
(lambda (exit)
(for-each (lambda (x)
(if (negative? x)
(exit x)))
1st)

#)))
0 12 00000 SchemeO
Fig.12 Non-local exit (Scheme).
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public Object receiveContinuation(
Continuation cont) {
for (int i = 0;
i < flist.length;
i++) {
if (flist[i] < 0)
throw cont.throwContinuation(
new Integer(flist[il));
}
throw cont.throwContinuation(null);
}
s
System.out.println(result);
}
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Fig.13 Non-local exit (Java).
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