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HPCToolkit Basic Features

* Run application natively and every 100-200 times per second,
interrupt program, unwind back to main(), record call stack,
and combine these into a calling context tree (CCT).

e Combine sampling data with a static analysis of the program
structure for loops, inline functions, etc.

* Present top-down, bottom-up and flat views of calling context
tree (CCT) and time-sequence trace view. Metrics are
displayed per source line in the context of their call path.

e Can sample on Wallclock (itimer), POSIX timers and Hardware
Performance Counter Events (PAPI preset and native events):
cycles, flops, cache misses, etc.



HPCToolkit Advanced Features

Finely-tuned unwinder to handle multi-lingual, fully-optimized
code, no frame pointers, broken return pointers, stack trolling,
etc.

Derived metrics -- compute flops per cycle, or flops per
memory reads, etc. and attribute to lines in source code.

Compute strong and weak scaling loss, for example:
strong: 8 * (time at 8K cores) - (time at 1K cores)
weak: (time at 8K cores and 8x size) - (time at 1K cores)

Load imbalance -- display distribution and variance in metrics
across processes and threads.

Blame shifting -- when thread is idle or waiting on a lock,
blame the working threads or holder of lock.



Call Path Profiling

Measure and attribute costs in context
sample timer or hardware counter overflows
gather calling context using stack unwinding

Call path sample Calling context tree
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Overhead proportional to sampling frequency...
...not call frequency




Where to find HPCToolkit

e Home site: user’s manual, build instructions, links to source
code, download viewers:

http://hpctoolkit.org/

e On mira, vesta, cooley:
Iprojects/Tools/hpctoolkit/pkgs-mira/hpctoolkit/bin
Iprojects/Tools/hpctoolkit/pkgs-vesta/hpctoolkit/bin

e Source code now on GitHub:

http://github.com/hpctoolkit
git clone https://github.com/hpctoolkit/hpctoolkit
git clone https://github.com/hpctoolkit/hpctoolkit-externals

e Send questions to:
hpctoolkit-forum at mailman.rice.edu
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Using OpenMP Tools Library

Replace -fopenmp with libomp.a from llvm-openmp in hpclink.
On vesta:

— Iprojects/Tools/hpctoolkit/pkgs-vesta/llvm-openmp-gnu/lib

Use hpclink from hpctoolkit-ompt.
— Iprojects/Tools/hpctoolkit/pkgs-vesta/hpctoolkit-ompt

Add event OMP_IDLE (no number) plus time-based event:
WALLCLOCK or PAPI_TOT_CYC.

Someday, this will be part of the OpenMP Tools standard, but
not yet.



HPCToolkit Capabilities at a Glance

o) P S, 1OT. CVCSum 6
AND WMWMIMNZMSO " P Name] E l t] o p—
AT : T = xecution time :
R nboert Meshapp 31 | 2, Typesequencebanager 2o 1| & 51, wech ey ity : s X ¥ b timestepper_module_stepperrun_ 5.17e415
consorison foe EntitySeauence pointers o5 & comparison Ty ) s increases 2.8x in the ¥ loop at tmesteaper £90- 384 415 3620416
ntity handles in th d-to [ntitySe L dowm-1l ¥ Bb timestepper_module_steppersteptransportdt_ 2.22e415 1.3)e416 72.00
entity hondles {n the pofnted-to EntitySemences . loop that scales worst ¥ 100p at timestepper 790: 1230
closs SequenceCompare { ¥ loop at tmestepper F90. 1254 2.22e41% 1.32e416 71.0%
pablic: bosl oserotor()( const EntitySequence® o, = ¥ B snessolve. 2.22e018
1 return o-»end MendleC) « borstert hondleC); 1 °f"|?’f:' 2 loop contributes a v B SNESsole 2.220015
ki *inlined proceaures 2 ¥ B9 SNESSoive LS
+loops 16.9% scaling loss to S
[N oan el Ao ool Io fal comtat | whole execution S soscoecea

¥

ierr «[SNESComputelacobiandsnes,X,8snes->jocobian,dsnes- >ja<eb\en.prnm

. Calivg Context View| ) Catlers View| =} Fl View e ierr - KSPSctlperators(snes->ksp, snes-»jacobian, snes-»jacobian_pre, Flg)
= ) ferr - [SNES_KSPSolvefsnes,snes->ksp,F,Y); CHKERRQCierr); .
ART L6 —— SNESComputelacobian: TOT_CYC (1)

Scape
¥ man
¥ B sessdivoid®, nt. double const, it

7| infineg from mboert Mesh

v B imesh_geovocarrceords 2.20
¥ B MXCore-get_cooedslunsigned long const’, it, Goubie”) cc 3+

Pinpoint & Quantify
Scaling Bottlenecks

Assess Imbalance
and Variability

YAt r—— M o
hay “Comams °°C
A Odd(MEMFUN_OB)T(memfunT)s obj, AAA [ ——T T
nenfunT memfun -
. e T o e e (& o S & et ns 1
const orgiTh orgl, const erg2Th org2, const argdTh orgd, const ToskAttributess Ammenm S Ameen Ao 2

Future<REMFUTURE(NEMFUN_RETURNT (memfunT))> result;
add(new TaskMemfunamemfunT>(result,obj, memfun,orgl,org2,argld,attr));
return result;

} | quantum chemistry; MPI + pthreads | . :
—_— ) yspecies latency for this
— — "' : . - loop is 14.5% of total
*; Calling Context View Q.cumm h. Flat View latency in program
[ T |6f W& A~ |16 cores; 1 thread/core (4 x Barcelona) | E Breizos S
[ scope . Bidleness IIDW.  idleness (21/D) - L
E L t Aggr te Metr 2.35e401 100 & [1.57e409 100 ¢ ot .
T T e T e et 41.2% of memory hierarchy
v 48 madness Spinlocic-unlock) const T .o | lock °°"‘9f"“°" . e e Iaartreancy related to yspecies
¥ 48 inlined from worldmutex.h: 142 1. 401 75.6% accounls_ or 215& LY THE AR Y
v 48[~ adness ThreadPool ada(madness PoolT askinterface™ ToTrerer 72.ev)| of execution time. frnan momane cocmnas
inlined from worldtasich: 581 ]7.350400 31.2814.920408 31.2%
> 48 madness Future<> madness: WorldObject<> task<>{7.35e400 31.24 2
¥ 48 inlined from worldtasich: 569 4.56e400 19.4% Adding futures
— > €8 madness Future<> madness: WorkdObject<> task<>{4.560400 19.4% to shared global
[ = work queue.
et R 08 757130 o Range O5050 Cowa i (0.3230 130 [, » 48 inlined from worlddep h: 68 1.53e400 6.5% q . |
S ot el =5 ¥ 4@ inlined from worldtaskh: 570 1.4%¢400 6.3% e4C7  €.3%
| > ¢ madness Future<> madness: WorklObject<> task<>(1.49400  €.3%9.970407 6.2%
.7 2. 490407 2.9% 2.2,

> 4@ madness Future<> madness: WorldTaskQueue add <>(mal ¢ -01

st v 8

Analyze Behavior Shift Blame from
over Time Symptoms to Causes

RICE hpctoolkit.org

Associate Costs with Data
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Understanding Temporal Behavior

Profiling compresses out the temporal dimension
—temporal patterns, e.g. serialization, are invisible in profiles

What can we do? Trace call path samples

—sketch:
— N times per second, take a call path sample of each thread
— organize the samples for each thread along a time line
— view how the execution evolves left to right

— what do we view?
assign each procedure a color; view a depth slice of an execution

Processes

Time




AMG2006: 8PE x 8 OMP Threads
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OpenMP loop in hypre_BoomerAMGRelax using
static scheduling has load imbalance; threads
idle for a significant fraction of their time 9



Code-centric view: hypre BoomerAMGRelax

000 hpcviewer: amg2006

1632 #define HYPRE_SMP_PRIVATE 1

1633 #include "../utilities/hypre_smp_forloop.h"
1634 for (1 = 0; 1 < n; i++)

1635 tmp_data[i] = u_data[i];

1636 #dcfmc HYPRE_SMP_PRIVATE i,1i,j,jj,ns,ne,res, rest,size Note: The highlighted OpenMP loop in

1637 #include "../utilities/hypre_smp_forloop.h"

1638 S (G = @; j < num_threads; j++) hypre_BoomerAMGRelax accounts for
1639 { only 4.6% of the execution time for this
1640 size = n/num_threads; benchmark run. In real runs, solves
1641 rest = n - size*num_threads; using this loop are a dominant cost
1642 if (3 < rest)

1643 {

1644 ns = j¥size+j;

1645 = (§+1)*size+j+l; . .

P y Sk across all instances of this OpenMP
1647 else loop in hypre_BoomerAMGRelax
1648 {

1649 ns = j*sizesrest; 19.7% of time in this loop is spent
1650 : ne = (J+l)*sizesrest; idle idle w.r.t. total effort in this loop
1651
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Scope IWALLCLOCK (us):Sum () = WALLCLOCK (us):Sum (E) idleness % work %
> hypre PCGSetup 6.81e+08 11.1% 7.97e+01 2.03e+01
» HYPRE BoomerAMGSetup 6.81e+08 11.1% 7.97e+01 2.03e+01
» hypre BoomerAMCSetup 6.81e+08 11.1% 7.97e+01 2.03e+01
» . xIsmpParallelDoSetup TPO 3.77e+08 6.1% 3.20e+04 0.0% 2.35e+01 7.65e+01
» hypre BoomerAMCBuildCoarseOperator 3.16e+08 5.2% 1.44e+06 0.0% 4.80e+01 5.20e+01
> hypre BoomerAMGCoarsenFalgout 3.01e+08 4.9% 1.00e+03 0.0% 8.75e+01 1.25e+01
¥Yhypre BoomerAMGCRelax$SOLSS$24 2.81le+08 4.6% 2.8le+08 4.6% 1.97e+01 8.03e+01
»inlined from par relax.c: 1638 2.81e+08 4.6% 2.00e+03 0.0% 1.97e+01 8.03e+01
> hyore BoomerAMGCoarsen 2.46e+08 4.0% 1.75e+08 2.9% 8.75e+01 1.25e+01
b hwvnra DanmarAACDilAdlararnS eI CC2 1 27asnt 2 1% 1 2Tasnt 2 1% A 1Sasm S fSa.m
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Serial Code in AMG2006 8 PE, 8 Threads

0006

hpcviewer: amg2006

=% par_relax.c £2

1632 #define HYPRE_SMP_PRIVATE i
1633 #include "

../utilities/hypre_smp_forloop.h"
1634 for (i = @; 1 < n; i++)
1635 tmp_data[i] = u_data[i];

1636 #define HYPRE_SMP_PRIVATE i,ii,j,)),ns,ne,res,rest,size
1637 #include "../utilities/hypre_smp_forloop.h"

1638 for (J = @; J < num_threads; j++)
1639 {

1640 size = n/num_threads;

1641 rest -« n - size*num_threads;

1642 if (J < rest)

1643 {

1644 ns = j¥size+j;

1645 ne = (J+l)*size+j+1;

1646 }

1647 else

1648 {

1649 ns = j¥size+rest;

1650 ne = (J+1)*size+rest;

1651 }
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idle in each process
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Scope
Experiment Aqareqate Metrics
loop at binsearch.c: 78
»loop at amq linklist.c: 78
> loop at amq linklist.c: 226
»inlined from RecChannel.h: 349
»inlined from IniGroup.h: 191
»inlined from Fifo.h: 195
»inlined from IniGroup.h: 161
> loop at par coarsen.c: 838

P lnnn ar nar Fnarcan £ 1N1Q

WALLCLOCK (us):Sum (1)

6.13e+09
3.64e+07
8.47e+06
7.80e+06
7.91e+06
3.42e+06
2.89%e+06
2.78e+06

2.17e+06
1 R7Is40R

100 %
0.6%
0.1%
0.1%
0.1%
0.1%
0.0%
0.0%
0.0%
n N%

WALLCLOCK (us):Sum (E)

6.13e+09 100 %

3.640+07
8.47e+06
7.80e+06
7.48e+06
3.38e+06
2.89e+06
2.78e+06
2.17e+06
1 R7a4nNk

0.6%
0.1%
0.1%
0.1%
0.1%
0.0%
0.0%

0.0%
n ne

idleness %

4.91e+01
8.74e401
8.75e+01
8.75e+01
8.68e+01
8.69e+01
8.69e+01
8.69e+01
8.75e+01
] 75a+m

5.09e+01

work %

1.26e401
1.25e+01
1.25e+01
1.32e+01
1.31le+01
1.31e+01
1.31e+01
1.25e+01
1 258401
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Pinpointing and Quantifying Scalability Bottlenecks
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