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Structural Path Profiling: An Efficient Online Path Profiling
Framework for Dynamic Compilers

TOSHIAKI YASUE,T TOSHIO SUGANUMA, HIDEAKI KOMATSUt
and TOSHIO NAKATANIY

This paper describes a new path profiling technique, structural path profiling, used in the
dynamic compilers. A path profile is one of the important sources of information for under-
standing the application behavior and should be useful for restructuring and optimizing the
target program for higher performance. However, dynamic compilers have not been able to
take advantage of this information due to the high overhead for collecting path profile online.
Our technique has the advantage that we can collect the path profiling information for the
whole regions of the target method with low profiling overhead by using the structure graphs
for path profiling. The experimental results show that our technique can achieve efficient
path profiling with overhead of around 2-3% on average in the active profiling phase, while
it provides the path profile for program optimizations with sufficient accuracy of around 90%
compared to the offline complete path profiles.
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public void m()

{
// BBl
do {
// BB2
while (...) { // BB3
// BB4
if (...)
return; // BB5
}

} Q}ﬁle (...) // BB6
L. // BB7

(a) Program example (b) Control flow graph

with edge frequenies
01 20000000000C0000O0D0COO0O0DODOOCOOO
Fig.1 Example program with a nested loop and its corre-
sponding control flow graph with edge profiles.
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(a) Instrumentation (b) hot paths
points of BPP of BPP

02 BPPOOOODOODOOOO
Fig.2 Example of BPP.

(c) Profiling Results
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normal node representing
a basic block

counting node

loop node representing
a loop

Instrumentation point

normal edge

Virtual edge representing
the entry/exit of loop

(a) outline
structure graph  graph of loop,

03 0000000
Fig.3 Example of structure graph.

(b) loop structure (c) loop structure
graph of loop,
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makeStrGraph (Method m) {
og = genCFG (m);
n_backedge = naturalLoopDetection (g);
if (n_backedge > 0) {
makeLoopStrGraph (m, g);
}
}

makeLoopStrGraph (Method m, Graph osg) {
dfsList = makeDfsList (osg);
// find loop region
for (dfs_index = 1 to numNode (g)) {
n = dfsList (dfs_index);
for (e in incomming edges of n)
if (e is a loop backedge) {
hdr = targetNode (e);
src = sourceNode (e);
if (loopIndex (src) != loopIndex (src)) {
clearTraversedFlags0fAllNodes (g);
traverseLoopRegion (hdr, src);
}
}
}
// find loop exit edges
for (1sg in loop structure greaphs in m)
for (n in 1lsg)
for (e in the outgoing edges of n)
if (targetNode (e) is outside 1lsg)
registerExitEdge (lsg, e);
// make virtual edges
for (g in depth-first-post-order of
the structure graphs in m) {
for (1sg in innerLoopStrGraph (g))
setLoopEntryEdges (1lsg, g);
for (1sg in innerLoopStrGraph (g))
setLoopExitEdges (1lsg, g);
if (g is loop structure graph)
setEntryAndExitEdges (g);
}
}

traverseLoopRegion (Node hdr, Node n) {
setTraversedFlag (n);
if (loopIndex (n) > 0)
constructHierarchy (g, strGraph (n));
else
loopIndex (n) = loopIndex (hdr);
for (e in incomming edges of node) {
src = srcNode (e);
if (dfsIndex (src) < dfsIndex (hdr))
registerEntryEdge (g, e);
else if (src is not traversed &&
loopIndex (src) == loopIndex (hdr))
traverseLoopRegion (hdr, src);

04 0O000O0O0OO0OO0ODOOD
Fig.4 Algorithm to construct structure graphs.
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Fig.5 Profile controller.
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I profile counter

instrumentation code

L1 for path profiling
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CExit >

(a) Instrumentation code  (b) Instrumentation (c) linstrumentation
of outline structure code of loop structure code of loop structure
graph enabled graph of loop, enabled graph of loop, enabled
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Fig.6 Examples of instrumentation code.
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| Online Profile
Local Global Offline index of
Graph idx| Path List | Profile Profile Profile BPP
Outline Structure| 1[E1-1-2-7-1 100 100.0 10000 | 3,(2,4,7,11)
Graph 2| E1-1-2-5-1 0 0.0 0| 1,2.4,5,9)
Loop Structure 3[E2-2-3-X2 0 0.0 0 1,(5)
Graph of Loop2 | 4|E22-3-6X2 50 98.0 9800| 3,(2,7)
5| E2-2-3-6-(2) 1 2.0 200  4,8)
6| (6)-2-3-x2 0 0.0 ol 9,5
coefficient 7| (6)-2-3-6-X2 1 2.0 200 11,(7)
. 8| (6)-2-3-6-(2) 48 94.1 9600  12,(8)
Loop Structure 9| E3-3-4-X3 0 0.0 0 1,9
Graph of Loop3 | 10| E3-3-4-(3) 2 6.8 683 2,10
11| E3-3-X3 56 189.3 19117 | 3,4,11,12
12 (4)-3-4-X3 0 0.0 0 5
coefficient | 13| (4)-3-4-(3) 40 1352 13660 6
3.38| 14| (4)-3-X3 2 6.8 683 7,8
Total 300 634.1 63943

(a) Profiling Result

(b) hot paths of (c) hot paths of
outline structure loop structure
graph graph of loop,
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Fig.7 Example of SPP.
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(e) hot paths of
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(a) Restrucutured program
based on path profile

(b) BB placement (c) BB placement
based on path profile based on edge profile
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Fig.8 Example of program restructuring using path

profiles.
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(a) Loop (b) Natural path (c) Structural path
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Fig.9 Example of natural path and structural path.
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Table 1  Size of paths and instrumentation points.

Total num. Total num.
of Paths of Inst.

SPP BPP SPP BPP
mtrt 2,617 3,370 909 807
jess 4,332 5,634 | 1,642 1,420
compress 2,142 2,829 627 560
db 2,324 2,943 755 671
mpegaudio 2,673 3,255 1,021 879
jack 4,379 5,197 | 1,365 1,224
javac 12,234 13,563 | 4,376 3,780
GM 3,616 4,469 | 1,232 1,083
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