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// pointers in locals 5
// pointers in locals void *ptrl, *ptr2, *ptr 3, ...;
void *ptrl, “*ptr2, *ptr 3, ... try { @ @ @ @ @
height ++; functi onCdl() ;
functi onCdl() ; } catch (const StackScanBxception &) { @ @ @ @ @
height --; it (save()) {
if (save()) { la zyPoainte rSta ck-> pushFrame(nptrs );
if (height < auxHeght ) { la zyPainte rSta ck-> pushPtr( ptrl );
st op unwinding, restor e the stack; la zyPainte rSta ck-> pushPtr( ptr2 );
} else { la zyPainte rSta ck-> pushPtr( ptr3 );
la zyPainte rSta ck->pushFrane(nptrs) ;
la zyPainte rSta ck-> pushPtr( ptrl ); throw;
la zyPointe rSta ck-> pushPtr( ptr2 ); } else {
la zyPainte rSta ck-> pushPtr( ptr3 ); ptr3 = laz yPointer Stack->popPtr() ;

// pointers in locals ptr2

laz yPointer Stack->popPtr() ;
void *ptrl, *ptr2, *ptr 3, ... y popPtr()

return; ptrl = laz yPointer Stack->popPtr() ;
functi onCdl() }
if (save()) { } else if (height < auxHeight) { la zyPainte rSta ck-> popFame();
la zyPointe rSta ck->pushFrane(nptrs) ; ptr3 = laz yPointer Stack->popPtr() ; if (had appli cati on exception ) {
la zyPointe rSta ck-> pushPtr( ptrl ); ptr2 = laz yPointer Stack->popPtr() ; throw applic atio n exception
la zyPainte rSta ck-> pushPtr( ptr2 ); ptrl = laz yPointer Stack->popPtr() ; } else {
la zyPointe rSta ck-> pushPtr( ptr3 ); retrie ve retur n values
.. la zyPointe rSta ck-> popFrame(); }
return; auxHeight- -; }
} } }
(a) Functioncall guardedwith the accuratepointer (b) Functioncall with pointerframecounting (c) Functioncall with safepoint catchandthunk

guard

ZA Our proposed techniques. In (a) we see the basic technique: every function call is followed
by an accurate pointer guard, which saves all pointers onto the lazy pointer stack when the
function returns and the save() predicate is true. This predicate is falseduring normal operation.
When the collector starts, it sets the predicate to true and returns. Because every function call is
guarded, the effect will be that the stack is destroyed and all pointers are saved. This naive
solution has two problems: 1) the stack is destroyed, and 2) we cannot move objects referenced
from the stack because we have no way of modifying the pointers after GC. The solution to (1) is
that we make a copy of the thread stack and register file prior to stack scanning; we restore these
after the stack is destroyed. We have two solutions to (2); see the approaches shown in (b) and
(c). Both approaches cause pointer restoration code to run upon the first return into a frame after
the collector completes. Pointer frame counting in (b) does this by using an extended predicate
based on counters, resulting in significant overhead. In (c) we show the safe point catch and
thunk mechanism, which uses exceptions and thunks instead of predicates and counters: to
trigger stack scanning the collector throws a special exception; to restore pointers we install
thunks of function return addresses in the stack.
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= The'performance qf counters is quite poor because qf the overhead of counting on function entry [@Thunking @ Counter @PuStack @ Henderson]
and exit, and comparing the counters on exit. We can improve performance by placing stack
scanning code in a C++ catch statement; throwing an exception will be used to trigger scanning. A Performance of the four mechanisms for achieving accurate stack scanning, measured as overhead relative to the
This means that no predicate is needed. But what about pointer restoration? We implement this by ~ conservative collector for a small heap size (25 MB). Note that in the geometric mean we see that the overhead of the
insta”ing thunks on function returns; these thunks will throw an exception that triggers restoration. Thunking (safe point catch and thunk) Conﬁguration is negative—this is because the overhead cost of accurate stack
This figure shows thunks in action. In (a) we see an ordinary C++ call stack. In (b) we see the scanning with thunking is outweighed by the gains from having unambiguous roots in the collector. Hence, for small
thunk installed. In (c) we see a function return causing the thunk to run. The thunk then performs heaps and our collector, better performance tends to be achieved with safe point catch and thunk than with using a
bookkeeping and throws the exception that signals restoration. conservative collector.
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A Overhead in time spent in the collector for the four accurate stack scanning configurations. Note that
scanning the stack using any of these mechanisms tends to be slower than scanning the stack conservatively
because of two factors: 1) the collector is written in Java and so has all of the same accurate instrumentation,
and 2) conservative stack scanning always involves a trivial walk of the thread stacks and register files, while the
other mechanisms are typically more involved. However, we see speed-ups for some benchmarks, likely due to
the collector having to pin too many pages in the conservative configuration.

Median of Execution time in seconds - Spec JVM 98 Benchmark vs. VM - Comparing VMs, Heap Size: 256m,
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A Comparison of two Ovm accurate configurations and the conservative configuration to HotSpot and GCJ.
Note that Ovm with thunking or conservative stack scanning is competitive with the other systems. This shows
that it is possible to have a fast VM that translates Java bytecodes to C++, without loss of accurate stack
scanning.
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