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Outline

1. �C++ : concurrency in C++ (review)

2. �Pro�ler : pro�ling �C++ applications

– Execution-State Transition (EST) metric

– Call Graph (CG) metric

3. Compare �Pro�ler with other concurrent pro�lers
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�C++ : Concurrency in C++

� Programmers want to use C++ for HPCbut C++ has no concurrency!

�

�C++ provides high-level, integrated, object-oriented concurrency

– coroutine, monitor, task : inheritance, overloading, templates

– concurrent exception handling and cancellation (among threads)

– control versus data concurrency (Intel TBB, OpenMP, etc.)

� Simpli�es building ef�cient, correct concurrent-programs

� Reduces cost of development, both in time to completion and
necessary intellectual skills

Can't sell parallel computers if developers can't program them.

� http: //plg.uwaterloo.ca/ ˜usystem/uC++.html
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Coroutine Task
// 0, 1, 1, 2, 3, 5, 8, 13, 21, . . .
coroutine �bonacci {

int fn; // communication
void main() { // separate stack

int fn1, fn2;
fn = 0; fn1 = fn;
suspend (); // last resume
fn = 1; fn2 = fn1; fn1 = fn;
suspend (); // last resume
for ( ;; ) {

fn = fn1 + fn2;
fn2 = fn1; fn1 = fn;
suspend (); // last resume

}
}

public :
int next() {

resume (); // last suspend
return fn;

}
};

task Server {
condition delay;
void main() { // stack & thread

for ( ;; ) {
accept ( ~Server ) {

break ;
} or accept ( workReq1 ) {

// process work
delay.signalblock ();

} or accept ( workReq2 ) {
. . .

}
}
// shutdown

}
public :
void workReq1( Req1 req ) {

. . . delay.wait (); . . .
}
void workReq2( Req2 req ) { . . . }
. . .

};
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�Pro�ler : Pro�ling in �C++

� To further simplify developing concurrent programs, need powerful
static anddynamictools

� Programmer intuition about dynamic behaviour is often wrong:

� need pro�ler to understanding concurrent execution

� Integrate pro�ler with programming model, for�C++ �

– break down per-task, per-coroutine, (per-object), per-routine

�

�Pro�ler capabilities:
– multiple metrics can be applied simultaneously
– supports hardware event-counters (PMU)
– effective, ef�cient, scalable and extensible

� Monitoring, analysis and visualization performed in the application

� ports:Linux IA-64, Linux IA-32/AMD, Solaris 8/9 SPARC

� http: //plg.uwaterloo.ca/ ˜usystem/MVD.html
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� compile with-pro�le �ag

� start application

� choose metrics:

– statistical (sampling):

* call-graph: time /
hardware events

– exact (all occurrences):

* execution state transition
* call-graph: time /

hardware events
* partial-order tracing
* memory leaks
* kernel-threads

� pressStart
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Execution-State Transition Metric

� Per task display of all state transitions using a Gantt Chart

� Colour coded execution states: start, ready, running, blocked, end

� In general, cannot display entire chart due to duration and precision

� only draw visible portion of the chart at a given magni�cation

– support long program duration and high magni�cation
(up to 0.1ns per pixel)

– implementation avoids processing all the data during
magni�cation and movement

� Navigation is crucial : millions/billions of state transitions
occurring quickly ( �

�sec)
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lower magnification

dynamically scaled axismagnification task names task states

elided states

� elided states : compressed information

� magni�cation : step and scale factor

� dynamically scaled axis
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higher magnification
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Call Graph Metrics

� Highly accurate exact or statistical call graph

� exact: pro�ling data collected at each routine call/exit/block/
unblock

– greater accuracy but greater overhead
– dyamically create calling-context tree to maintain pro�ling data

(per task, per coroutine)

� statistical: pro�ling data collected at speci�c time intervals
(sampling periods)

– lower overhead but lower accuracy
– take complete call-stack per sample and dynamically create an

approximate calling-context tree (per task)

� No gprof fallacy, and call-graph is connected

� Measure hardware events or time

� Navigating a large call graph is important
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Exact Call Graph
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selected routine

callers of selected routine

callees of selected routine

current call-graph path visited

call-graph cycles

call-graph routines

coroutines executed
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Statistical Call Graph
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selected routine

call-graph routines

current call-graph path visited

callees of selected routine

callers of selected routine
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Pro�ler Performance

�

�Pro�ler Execution state transition

– 70% probe effect on each state transition (worst case scenario)

� Call Graph

– �xed call depth (8) with increasing number of calls at each depth
(wide tree)

– each leaf node is called 30,000 times

– sample every.7msusingCPU cycle-counter

Statistical S/E Exact

�Pro�ler Sun HP �Pro�ler Intel
statistical Studio Caliper gprof exact VTune

2.92% 4.47% 0.60% 791% 21,541% 19,273%
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Conclusions

� scalability for exec-state transition and call-graph metrics

� pro�ling new forms of control �ow, i.e., coroutines, at high-level

� competitive with industry pro�lers in both features and performance

� like to share �Pro�ler technology with HP, Intel, SGI
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Future Work

� saving & loading metric data

� real time (on-the-�y) visualization

� object-based pro�ling (including monitors)

� sorting / searching

� automatic calibration and randomization of sampling periods

� issues with statistical cycles (eliminate partial cycles)

� estimate routine-call counts

� release �Pro�ler


