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Challenges for HPC Practitioners

Execution environments and applications are rapidly evolving

— architecture
— rapidly changing multicore microprocessor designs
— increasing scale of parallel systems
— growing use of accelerators, e.g. GPGPU
— applications
— MPI everywhere to threaded implementations
— adding additional scientific capabilities to existing applications
— maintaining multiple variants or configurations for particular problems

Steep increase in application development effort to attain
performance, evolvability, and portability

Application developers need to

— assess weaknesses in algorithms and their implementations
— improve scalability and performance within and across nodes
— adapt to changes in emerging architectures

— overhaul algorithms & data structures as needed
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Challenges for HPC Practitioners

 Execution environments and applications are rapidly evolving

— architecture
— rapidly changing multicore microprocessor designs
— increasing scale of parallel systems
— growing use of accelerators, e.g. GPGPU
— applications
— MPI everywhere to threaded implementations
— adding additional scientific capabilities to existing applications
— maintaining multiple variants or configurations for particular problems

e Steep increase in application development effort to attain
performance, evolvability, and portability

 Application developers need to
— assess weaknesses in algorithms and their implementations
— improve scalability and performance within and across nodes
— adapt to changes in emerging architectures
— overhaul algorithms & data structures as needed

[ Performance tools can play an important role as a guide j
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Motivation

e In December 2011, a member of CRAY Chapel team was able
to achieve about 20x speedup

— multi-threaded program compiled for a single locale
— less than a day’s work

* In January 2011, Rice Coarray Fortran team detected
performance bottleneck in their HPCC FFT benchmark

— majority of the time was spent in executing communication to
perform a bit-reversal permutation

— changing the algorithm and using coarse-grain all-to-all
communication reduced the cost to only about 6%

e |In December 2011, HPCToolkit team identified several
performance bottlenecks in a DOD procurement benchmark

— inefficient use of Posix I/O
— load imbalance when not power of 2 processors

e Andsoon...
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HPCToolkit: Why it’s Cool

e |t runs (almost) anywhere, anytime by anyone
— language independent (C, C++, Fortran, ...)
— programming model independent (MPI, OpenMP, UPC, ...
— operating systems independent (any Linux flavor)
— architecture independent (x86_64, ppc64, MIPS)
— compiler independent (Intel, PGIl, GNU, Pathscale, ...)
— runtime independent (MPICH, OpenMPI, GASNet, ...)

e Usable on production executions
— low overhead: sampling rather than instrumentation
— large number of processors

e It’s easy to use
— no need to rebuild code
— work for fully optimized code

o Effective performance analysis
— fine-grain attribution (lines, loops, procedures, call chains, ...)
— correlate measurements with code for actionable results
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Understanding Performance Measurements

Metrics

Time
Processes

Calling context

e Four dimensions of performance data in HPCToolkit
— metrics: wallclock, L2 cache miss, cycles, flops, ...
— calling context: main->a->b -> ...
— processes orranks: 0,1, ..., P
— time: from the beginning of measurement to the end

 Warning: finding performance bottlenecks can be challenging
5
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Understanding Performance Measurements
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Time

code centric

time centric

Processes

Calling context

e Four dimensions of performance data in HPCToolkit
— metrics: wallclock, L2 cache miss, cycles, flops, ...
— calling context: main->a->b -> ...
— processes orranks: 0,1, ..., P
— time: from the beginning of measurement to the end
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Code-centric Analysis with hpcviewer

#S mbperf_iMesh.cpp 23 | ™% TypeSequenceManager.hpp £3 | ™% stl_tree.h = 0
22 * Define less-than comparison for EntitySequence pointers as a comparison
23 ¥ of the entity handles in the pointed-to EntitySequences. m
24 %/
25 class SequenceCompare {
26 public: bool operator()( const EntitySequence* a, const EntitySequence* b ) const —
27 { return a->end_handle() < b->start_handle(); } .
28 1,
W ., Callers Vnewl . Flat Viewl =0
| 2|6 [fal¥
Scope | PAPILLL_DCM ()® PAPI_TOT CYC() P
¥ main 8.63e+08 100 & 1.13e+11 100 & &
¥ [BP testB(void*, int, double const*, int const*) 8.35e+08 96.7% 1.10e+11l 97.6%
¥ inlined from mbperf_iMesh.cpp: 261 6.81e+08 78.9%  0.98e+11 86.5%
¥ loop at mbperf_iMesh.cpp: 280-313 3.43e+08 39.8% 3.37e+10 29.9%
¥ [B> imesh_getvtxarrcoords_ 3.200408 37.1% 2.18e+10 19.23%
¥ [B MBCore::.get_coords(unsigned long const*, int, double*) cc 3.20e+08 37.1% 2.16e+10 19.1%
¥ loop at MBCore.cpp: 681-693 3.20e+08 37.1% 2.16e+10 19.1%
¥ inlined from stl_tree.h: 472 2.04e+08 23.7% 9.38e+09 8.3%
¥ loop at stl_tree.h: 1388 2.04e+08 23.6% 9.37e+09 8.3%
¥ inlined from TypeSequenceManager.hpp: 27 1.78e+08 20.6% 8.56e+09 7.6%
TypeSequenceManager.hpp: 27 1.78e+08 20.6% 8.56e+09 7.6%
u T >
\J
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Code-centric Analysis with hpcviewer

#S mbperf_iMesh.cpp 23 | ™% TypeSequenceManager.hpp £3 | ™% stl_tree.h =0
22 * Define less-than comparison for EntitySequence pointers as a comparison
23 * of the entity handles in the pointed-to EntitySequences. m
24 %/

25 class SequenceCompare {

26 public: bool ntitySequence* a, const EntitySequence* b ) const
27 { return a- start_handle(); }

28 _};

>

W ™, Callers v.ew] e, Flat wew[ =0

| & 26 [ feo M|

Scope I PAPILLY_DCM ()'® PAPI_TOT CYC() R
¥ main 8.63e+08 100 % 1.13e+11 100 &

¥ [ testB(void*, int, double const*, int const*) 8.35e+08 96.7% 1.10e+1l 97-6%m
¥ inlined from mbperf_iMesh.cpp: 261 6.8le+08 .5%
¥ loop at mbperf_iMesh.cpp: 280-313 _ 3.43e+08 m .9%
¥ B> imesh_getvtxarrcoords_ 3.20e408 37. .180 3%
¥ [B MBCore::.get_coords(unsigned long const*, int, double*) cc 3.20e+08 37.1% 2.16e+10 19.1%
¥ loop at MBCore.cpp: 681-693 3.20e+08 37.1% 2.16e+10 19.1%
¥ inlined from stl_tree.h: 472 2.04e+08 23.7% 9.38e+09 8.3%
¥ loop at stl_tree.h: 1388 2.04e+08 23.6% 9.37e+09 8.3%

¥ inlined from TypeSequenceManager.hpp: 27 1.78e+08 20.6% 8.56e+09 7.6%

TypeSequenceManager.hpp: 27 1.78e+08 20.6% 8.56e+09 7.6%

u ) -~ | > A
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Code-centric Analysis with hpcviewer

#S mbperf_iMesh.cpp 23 | ™% TypeSequenceManager.hpp £3 | ™% stl_tree.h = 0
22 * Define less-than comparison for EntitySequence pointers as a comparison
23 ¥ of the entity handles in the pointed-to EntitySequences. m
24 */
25 class SequenceCompare {
26 public: bool operator()( const EntitySequence* a, const EntitySequence* b ) const —
27 { return a->end_handle() < b->start_handle(); } 2
28 };

m ., Callers View 'r',,, Flat View

o[ e aspa]
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¥ [B MBCore::.get_coords(unsigned long const*, int, double*) cc 3.20e+08 37.1% 2.16e+10 19.1%
¥ loop at MBCore.cpp: 681-693 3.20e+08 37.1% 2.16e+10 19.1%
¥ inlined from stl_tree.h: 472 2.04e+08 23.7% 9.38e+09 8.3%
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Code-centric Analysis with hpcviewer

00 hpcviewer: MOAB: mbperf_iMesh 200 B (Barcelona 2360 SE) )
";Q mbperf_iMesh.cpp &3 |"% TypeSequenceManager.hpp &3 "‘1" stl_tree.h = 0
22 * Define less-than comparison for EntitySequencep ™ "~ = 0 oy

23 % of the entity handles in the pointed-to Entity costs for
h" */ - Ll
25 class SequenceCompare { ¢ inlined procedures
26 public: bool operator()( const EntitySequence* 4 o IOOpS
27 { return a->end_handle() < b->start_handle(); . .
T Y ¢ function calls in full context
[W , Callers View| }1, Flat View =08
|4 & |6 |fe N
Scope I PAPILL1_DCM (I)® PAPI_TOT CYC() R
¥ main B.63e+08 100 & 1.13e+11 100 S &
¥ [P testB(void*, int, double const*, int const*) 8.35e+08 96.7% 1.10e+1l 97.6%m
¥linlined from mbperf_iMesh.cpp: 261 6.81e+08 78.9% 0.98e+11 86.5%
¥| loop at mbperf_iMesh.cpp: 280-313 3.43e+08 39.8% 3.37e+10 29.9%
¥ [BY imesh_getvtxarrcoords_ 3.20e408 237.1% 2.18e+10 19.23%
¥ [B» MBCore::get_coords(unsigned long const*, int, double*) cc 3.20e+08 37.1% 2.16e+10 19.1%
vllooeatMBCorc,cee; 681-693' 3.20e+08 37.1% 2.16e+10 19.1%
¥] inlined from stl_tree.h: 472 2.04e+08 23.7% 9.38e+09 8.3%
¥|loop at stl_tree.h: 1388 2.04e+08 23.6% 9.37e+09 8.3%
¥|inlined from TypeSequenceManager.hpp: 27 |- 78e+08 20.6% 8.56e+09 7.6%
TypeSequenceManager.hpp: 27 1.78e+08 20.6% B8.56e+09 7.6%
u ) 4 »
\J
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Understanding Executions over Time

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

e 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
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HPCToolkit’s Time-centric View

u RO GO L O™ M T 0§ canran
Time Range: [0.05 ,138.565] Process Range: [0.0,191.0] Cross Hair: (27.2525, 46.0) 2
B main
W wave_run
M sgn_ts3d_210

.OQMWM “Summuyv-ow =

{1 MEni Map

'I

=

Wsgn_ts3d_210v 1

Thursday, March 29, 2012




HPCToolkit’s Time-centric View
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HPCToolkit’s Time-centric View
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HPCToolkit’s Time-centric View
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HPCToolkit’s Time-centric View
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IWAVE - Rice Inversion Project (Symes, Pl)

e Framework for finite difference simulation
— common services - memory, communication, 1/O, job control
— prescribed interfaces - problem description, numerical schemes

e Applications written to the framework
— staggered grid acoustics with PML
— staggered grid isotropic elasticity with PML

e Portable - I1SO C99, MPI, OpenMP

* Modeling engine for migration and inversion
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IWAVE on a Cluster

e Experimental Platforms

— DaVinci
— node: two 2.83 GHz Intel Westmere (6-core) processors, 48GB RAM
— interconnect: 4x QDR Inifinband (40Gb/s)
— GPFS fast scratch

— STIC
— node: two 2.4 GHz Intel Nehalem (4-core), 12GB RAM
— interconnect: 2 4x DDR Infiniband links per node (20Gb/s each)
— 11TB Panassas scratch

 IWAVE configuration studied
— asg package
— staggered grid finite difference (pressure, velocity) acoustic modeling
— 3D finite difference configuration
— compiled with icc, version 12.0.0
— -03 -std=c99 -g
— SEAM 20M GRID, FOR SHOT S020433

10

Thursday, March 29, 2012




IWAVE Execution

e 8 x6 x4 MPI decomposition

e Model info

— SEAMHALF20M
— density info 808MB
— velocity info 808MB

e |[WAVE run
— read velocity model
— broadcast to all processors
— read density model
— broadcast to all processors

— perform stencil calculations
to compute pressures and
velocities

— write traces to disk

t(s)

11
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Time-centric view of IWAVE

e MPI decomposition 8 x 6 x 4
e 32 nodes, 6 cores each (192 processor cores), OpenMPI

R ks

set up communicators

Time Range: [0.05 16.5453] Process Range: 10,191) Cross Mair: (10.781s, 136)

ot

stencil calculations

write traces

‘MM “Summuym

SHL DM~ HMT =0 i cains —-

2

W main
W inhined from sig.c 23!

W rar_Bcast

W mca_coll_sync_bcast
B omgi_coll_tused_beast
M ompi_coll_tuned_bcast
W omgi_coll_tuned_bcast
B omge_request_cefauit_
WM opal_progress

B mca_bui_sm_compones

M Map
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IWAVE Stencil - Overall Performance

0006 hpcviewer: asg.x

L en2103dc & Sl
b Sprogea ivdep
5 for ( _pxend = _px + nx; _px < _pxend; )|
8 {
59 viB » wx9[-1); vx?7 » _vx9[-2]); vxb » w9([-3);
60 vas = _wx9[-4); vxd =« _wx3([-5); vx3 « _wx3([-6);
vad « _wx9[-7); vxl « _vx9[-8); vx@ « _vx9([-9);

vi9 « *_vxO4s;

65 delto « ((vx9 - wvx@) * C5x + (vxB - vxl) ® Cax « (wx7 - wx2) * (3x « (vxb - vx3) * (2x « (vx5 - vx4) * Cix »
G4 (o vy@ee) = ("vy@ee)) * Sy o ((CvyBes) - (C_vyles)) * Chy o ((CvyTee) - (Cvy2ed)) * Gy »
¢ (o vy6es) = (" vy3ee)) * 2y o ((*.vySes) = ("vydes)) * (ly »
64 CCo vz9ee) = (" vaBes)) * (52 « (O vzBee) ~ (" v2leed)) * (42 o (O vzT4e) = (" vz2esd)) * (32 »
69 ((*_vabes) - (*_vadee)) * Q2 « ((*_viSes) - ("_vzdes)) * (12) * (“_mpxes);
(*px) = ("px) * ("rotio.xes) « delta * (*recip.xes);
-

(*oy) = (*_py) ® ratio_y + delta * recip.y;
Dyee;

(*.pz) = (*_pz) * rotio_z + delta * recip.z;

DT
}
; Calling Context View 3 %%, Callers View Ft, Flat View °pn
T 6T A A
Scope PAPLTOT CYCSumdl)  » |  PAPI_L2_TCM Sum () PAPI_TLE_DM Suen (1) PAPI_FP_INS Sum ()
Experiment Aggregate Metrics 1.36e+12 100 % 1.42e+10 100 % 4.10e+08 100 % 5.0le+1l 100 %
¥ main 1.360+12 100.0 1.420+10 100.0 4.100408 100 % 5.01e+11 100 4
Yioop at asg.c: 133 1.360+12 100.0 1.420+410 100.0 4.10e+08 100 % 5.0le+1l 100 %
Yioop at asg.c 239 1.360+12 100.0 1.420410 100.0 €.100408 100 % 5.0le+11 100 %
Yioop at asg.c 239 1.36e+12 100.0 1.42e+10 100.0 4.10e+08 100 % 5.0le+1l 100 %
¥ B wave_run 1.360+12 100.0 1.420+10 99.9% §.100+08 99.9% 5.01e+11 100.0
¥ Bosgn_1s30_210 8.83e+1l 64.7% 1.20e+10 84.3% 2.15e+08 52.4% 5.00e+11 99.8%
¥ Bbsgn_ts3d_210p012 J.660+11 26.8% §.070409 34.2% 9.540407 23.00 1.820+11 36.2% 51 FLOP
Yicop at sgn210_3d.c 242 3.650+11 26.8% 4.860409 34.1% 9.50e+07 23.2% 1.82e+11 36.2%
¥ioop 3

per cycle

sgn2l0_3a.c. : :
sgn210_3d.c 5.36e+10 3.9% 9.420408 6.6% 3.20e+06 0.8% 2.55¢+10 5.1%
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IWAVE Stencil - Why Low Performance?

O 070 hpcviewer: asg.x
R 921034 e
ratio x[ix] ~ (1.0 etandt) / (1.0 « etaxdt);
° Look at recip.x[ix] - 1.0 7/ (1.9 + otaxdt);
LLC for { iz » tid; 2 < nz; iz o= tsz ) g
* e LLC 3 ord
etozdt - (*_epz) * dr2; mlsses Or ers
| [
misses to rotio.s = (1.0 - etozdt) / (1.8 + etordt); of magnitude lower
recip.z = 3.0 7 (1.0 ¢ ctozdt);
see ‘o; (iy = 9 iy < ny; ey ) than CyCIeS
demand R g * Resource stalls on
rotioy = (1.9 - etaydt) 7/ (1.0 « etoydt); .
M i i o par with total cycles
fetch from —
for ( _pxend = _px « nx; _px < _pxend; )
{
memory wvxB « vx9(-1); vx7 « vx9[-2); wab « _wx9{-3];
vaS « _vxB[-4); v « _vx®[-5); wad -« _wx9[-6]);
vi? = weil-71: vvl = wll-R1: wvefl = wvOf-9)-
[ ] Survey "3 Caliing Comtext View 52 % Callers View Fu, Mlat View °D
T 6N EA A
resource wope PARLTOT CYCSumill  * | MIM_LOAD RETIRID LLC_MISS $um (1) RESOURCE_STALLS ANY.Sum (D
Experiment Aggregate Metrics 1.)8e+12 100 » 1.040409 100 % T.6de+ll 100 »
ma 1.)8e+12 100.0 1.04e+09 100.0 T.64e+11 100.0
stalls from = ... ..
Yioop at asg.c: 239 1.)8e+12 100.0 1.040+09% 100.0 T.64e+11 100.0
Yioop Mt asg.c 239 1.38e+12 100.0 1.04e+0% 100.0 T.64e+11 100.0
any source ¥ B wave_run 1.)8e+12 100.0 1.040%0% 9.0 T.640+11 100.0
¥ ¥ sgn 1530 210 B.8)e+1l 62.00 6. 740408 4.0 4. 02e+11 6.0
¥ osgn 530 2100012 J.66ev1l 26.5% 2.0%+08 20.10 2.32e+11 3040
Yioop at s9n210_3d.c 242 3.660+11 26.40 2.090008 20.1% 2.320+11 J0.4%
¥ion Lo 0 14 q O+ O%ae D_1 D+ (
Yicop at sgn210_3d¢: 257 3.55e+11 25 OBet0d 20.00 2.2%9e+11 30,00

14
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IWAVE - Looking at Resource Stall Causes

= 2-5gn210_3d.c B

etoydt = (*_epyes) * dt2;

rotioy = (1.9 - etaydt) 7 (1.9 « etaydt);

recip.y = 1.0/

L #progma \vdep

(1.9 + etoydt);

for ( _pxend = _px + nx; _px < _pxend; )

{
vl - wx9[-1);
viS = _vx9[-4);
vxd = _vx9[-7);

vx9 « *_vxDes;
26¢ delte « ({vx9 -

((*ovyBes)
((*vybes)

((* v2%94s) -
((* vazbes) -

(*.ox) = (*_px)

pxes;

va? = wvx3[-2]; wvxb » _vx9[-3);
vid = wvx3[-5); vxd - _vx9[-6);
vl = _wvx9[-8); vx@ - _vx9[-9);

vx@) * (S5x « (vxB
(" vy@es)) * (Sy o« (("_vy8es)

('__vy!u)) . (Zy
(®. vzes)) * (52
(*.vzles)) * (22

wxl) * Céx + (vx?7 - wvx2)

(*vyles))

o (0P vySee) = ("vydes))
o (O vzBes) - (. vzies))
o ((* vaSes) - (" vzded))

* (*rotio x++) « delta * (Precip.xes);

(i Camon ComMemasmad 3 ™ 2 Caters Ventasg 0 . 2t iy

T 6N EA A

C3x + (vxb wvx3) *
Chy + (("_vy7es)
Cly +

C12) * (*mpxes);

Dominant resource stalls

e CPU reservation station full
- can’t issue instructions
until operands available

(P vy2es)) * 3y »

LOADS

CAz o ((* vz7es) =~ (® vz2ed)) * (32 »

S<ope
Experiment Aggregate Metrics
¥Ymain
Yicop atasg.c 133
Yioop at asg.c: 239
Yicop at asg.c: 239
¥ B wave_run

¥ sgn_ts3d_210
¥ Bbsgn_ts3d_210p012
Yicop at sgn210_3d.c. 242

RESOURCE STALLS LOAD Sum ()~
1.760+11

i
«T6o+1l
«T60+11
«T6e+ll
«T6e+1l
«TS5e+11l
«35e+1l
«35e+11

-

Téo+il

100 %
100.0
100.0
100.0
100.0
100.0
§9.40
T6.7%
T6.7%

RESOURCE_STALLS STORE Swmn (D

6.460030
6.45%e+10
6.45%e+10
6.45e+10
6.45e+10
6.45e+10
3.16e+0%
3.12e+0%
3.12e+0%

100 »
100.9
100.9
100.90
100.9
99.9%
“."n
4.8
4.8

RESOURCE_STALLS RS_FULL Sum (D

J.01e%11
J.8lev1l
J.8le+ll
J.8le+ll
J.8le+ll
J.8le+ll
2.17e+11
1.07e+11
1.07e+11

000 s
100.0
100.0
100.0
100.0
100.0
56.8%
28.00
28,00

RESOURCE_STALLS ROG_FULL Sum (B

1.560411
1.56e411
1.56e411
1.56e+11
1.56e+11
1.56e+11
1l.14e+ll
9.50e+07
9.50e+07

100 %
100.0
100.0
100.0
100.0
99.9
3.5
0.1%
0.1
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IWAVE - Looking at Memory System Usage

000

hpCviewer: asg.x

sp-ogm

Ao EABOSMOE % wenc

for ( ly = 0; (y < ny; «oiy )
{

etaydt « ("_epyes) * dt2;

rotioy = (1.9 - etaydt) / (1.9 « ctaydr);

recip.y - 1.0/

ivdep

(1.9 « etaydr);

for { _pxend = _9px » nx; _px < _puond; )

{
vxB « _w9[-1);
vx$ « _wxB[-4);
w2 = w3[-7);

vl o« * v,

daolte « ((v9
((*vyBee)
((Covybes)
((*_vzdes)
((*_vabes)

val « wx9([-2);
vad « _wvx9(-5);
val - wvx9(-8);

va@) * (5« « {(wuid

- (*vyes)) *
- (Covydes)) *

(*_vides)) *
- (*vides)) *

wvxb « v3([-3);
vl - _vx9[-6);
vl -~ _wv3[-9);

wval) * Cax « {wx?
Sy » ((*.vyles)
C2y o ((* vySes)
€52 « ((*_vikes)
€2z » ((*viSes)

wal)
= (*.vyles))
« (*vydes))

(*_vzies))
- (*_vides))

(P pn) « ("pu) * ("rotio xes) o delta * ("recip xes);

Pres

Copy) = ("_py) * rotio y + delto * recip y;

wPyee

(*_pz) » ("_p2) ® rotio_z + delto * recip._z;

wPTen ]

}

vad) * C2x « (vx$

(C* vy7ee) = (P vyles)) * Qly »

Cix « (vl

Chy «

Cly «

Caz « ((*_valss)

Clz) * (Cmpxee);

Analyze where the loads go

e L2 Hit-1.51 x 1010

e L3 Hit-1.08 x 10°
* Memory - 2.07 x 108

ved) * Clx »

(o vzdesd)) * (32 &

“\; Calting Comtent View 33 &, Catlers View §p, Fle View

T 6 A A

Stope

Yompatawe 239
Yioop at asgc 239
¥ B wave_run

Y Bwn s3c 210

PAPL_TOT_CVC Serm (D
1.85e+12 100.9

¥ Bosgn_ts3d_210p012

sonZLO:Sd.c 247
Wn210_3d.c 246

> Pofree

Ploop at sgn210_3dc 152

» B malioc

1.83e¢+12 100.0
1.83e+12 9.
B.86e+1l 0N

J.6%e+11 1.

.

3.400+07
¢.00e+08
4.600+07
2.000+07
1.80e+07

* MIM_LOAD _RETIRED LLC_MSS Semm
1.040+09 100.0

1.040%09 100.0
1.03e+09 95%. v
6.660+08 4.V

4.00e+4 0.0
1.200%85
§.00e+44
4.00e+04 0.0

m

MEM_LOAD RETIRED L2_MIT Serm (D MEM_LOAD RETIRED LLC_UNSHARID MIT Sum 0

4
‘
‘
i
b

40410 100 %
64010 100 %
Ade+10 100 %
20010 4100
Sle+10 2.4

3
3
)
2
1

050409 100.0
«03%e+09% 100.0
050409 100.0
JA2e+09 92.5%
«OBet09 5.0
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Memory Latency on Intel 5100 MCH

Level 1 Cache Level 2 Cache System Memory
i |

~200

Latency (ns)
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S Sl T o

Memory depth (MB)

Idle Latency
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Principal Stencil Pattern

e Execution under study
— sgn_ts3d_210p012
— 10 points along
each coordinate axis

— sweep through memory along
the X coordinate dimension
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IWAVE Tuning Recommendations

e Computation vs. communication
— communication for the example studied is ~27% of iwave_run
— compute on more data per core for higher parallel efficiency

— no communication/computation overlap

e /O
— IWAVE uses serial Posix I/O for its input
— using HDF5 and parallel 1/0O would be a higher performance choice

» Stencil calculations
— IWAVE'’s stencil calculations are latency bound /

— spend most of their time waiting for data from L2 cache

— need to make better use of the memory hierarchy
— unrolling once in Y and Z coordinate dimensions will reuse data vaiues
immediately
currently, temporal reuse along Y and Z axis is long distance
unrolling in Y and Z: immediately reuse 9 of every 10 values loaded
— pointer-based data access inhibits compiler-based tiling
tiling along Y and Z will be important for good cache reuse with large data
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HPCToolkit Capabilities at a Glance
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http://hpctoolkit.org
http://hpctoolkit.org

HPCToolkit Status

 Operational today on

— 64- and 32-bit x86 systems running Linux (including Cray XT/E/K)
— IBM Blue Gene/P
— IBM Power7 systems running Linux

* Emerging capabilities

— IBM Blue Gene/Q

— NVIDIA GPU
« measurement and reporting using GPU hardware counters

— data centric analysis

 Available as open source software at http://hpctoolkit.org
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Ongoing Work

e Homogeneous nodes
— measurement and analysis for massive numbers of threads
— “blame shifting” to pinpoint and quantify causes of idleness in

OpenMP programs
e Heterogeneous nodes

— “blame shifting” to pinpoint and quantify causes of CPU and GPU
idleness in hybrid programs

— derived metrics for GPU
 Bandwidth monitoring of communication and I/O

e Future enhancements
— support for Intel MIC
— provide higher-level prescriptive feedback
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