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T'his effort only works with a collaborative effort

“ Intel’s Early Access Program got us up and going quickly.

* Weekly teleconferences have led to both compiler
improvements, code and even OS improvements.

* Access to Stampede positioned CESM to run on the Xeon
Phi in production mode.

* Kudos for Stampede infrastructure.

* We’ve adopted something similar to ibrun.symm and
the file mounting paradigm on NCAR’s KNC cluster
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We need better science throughput for climate codes.

Climate simulations simulate 100s to 1000s of years of activity.

Currently high resolution climate simulations rate is 2 ~ 3
simulated year per day (SYPD) [~40k pes].

* NCAR climate code primarily uses explicit time stepping which
means speed up primarily comes from faster calculations.

*  We want to use the full range of HPC micro-architectures which
adds to the challenge.

* We must use these architectures efficiently for successful SYPD
speed up, which requires
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Community Earth Systems Model (CESM)
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® Coupled framework for components
consisting of different models.
®>1.5M lines of fortran code
® Many collaborators with acute accuracy
requirements.
® Few standalone drivers
® Kernel extractor (KGEN) is
addressing this.
e HOMME (dynamical core) + atmosphere
physics and chemistry + active land (CLM)
= FC5 ~ CAM-SE
e FIDEAL is only dynamical core with all
fluxes from data files [HOMME + coupler].
® Scientist want a “push-button” code.
® [uning application must eventually
be hidden in application configure
scripts. This is very very hard.
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Porting to Xecon Phi easy to start and difficult to finish.

» Programs can run completely on the Xeon Phi (native mode).
»  Compiling with “-mmic” is supposed to do the trick.

» Somebody needs to come along and build supporting libraries for the
Xeon Phi (netcdf, hdf5, ..., ?Trilinos?)

» We can run CESM on both the host (Xeon) and coprocessor (Xeon Phi) at
same time (symmetric mode) via MPI ranks mapping to specific devices. We
are focusing on native execution to highlight computational inefficiencies.

» Working on a configure (processor layout) file generator for mapping
ranks so PIO is on host and rest on Xeon Phis.

» Primarily sequential code should be on the higher frequency chips but
this is only a few of the components.
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FIDEAL for CESM passes correctness on Stampede’s Xeon Phi

* FCIDEAL motivated by

: avg. dt
efforts collaborative efforts _ . [ secs/ parallel
with INTEL w.r.t HOMME Device Resolution . . . . decomp.

day] | 8 nodes]

+ 25% as fast as Dual Socket

l6mpi

Xeon
W ncl6 nel6 426 ranks /
# 1 yr simulation results node, 1
omp thread

ensemble verified... so
move on to more

complicated CESM
system.

8 mpi ranks/ node,

nel6 nel6 19.18 24 omp threads
per mpi rank
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FC5 CESM is relatively “flat” when looking for

subroutines.

Metric: TIME
Value: Exclusive percent

5.661% e EF}R}R}R}RPRTRT}Y UWSHCU::COMPUTE_UWSHCU [{fuwshcu.F90} {442,3}-{4588,31}]

5.258% | | DERIVATIVE_MOD::LAPLACE_SPHERE_WK [{derivative_mod.F90} {2428,3}-{2470,32}]
4.383% | | VERTREMAP_MOD::REMAP_Q_PPM [{prim_advection_mod.F90} {543,1}-{657,26}]
4.314% | | CONSTITUENTS::CNST_GET_TYPE_BYIND [{constituents.F90} {260,3}-{289,34}]

4.188% | VERTREMAP_MOD:: INTEGRATE_PARABOLA [{prim_advection_mod.F90} {792,1}-{799,31}]
4.148% | RAD_CONSTITUENTS::RAD_CNST_GET_MAM_PROPS_BY_IDX [{rad_constituents.F90} {2087,1}-{2196,44}]
2.932% | PHYS_PROP::PHYSPROP_GET [{phys_prop.F90} {266,1}-{382,27}]
2.903% || PRIM_ADVANCE_MOD::COMPUTE_AND_APPLY_RHS [{prim_advance_mod.F90} {2396,3}-{3015,38}]
2.515% [l UWSHCU::CONDEN [{uwshcu.F90} {4642,3}-{4707,23}]
2.431% | DERIVATIVE_MOD::DIVERGENCE_SPHERE [{derivative_mod.F90} {2374,3}-{2424,32}]
2.331% | OpenMP_BARRIER: addr=<0x1d5371b> [{/proc/self/exe} {0,0}]
2.251% (sl PRIM_ADVECTION_MOD::EULER_STEP [{prim_advection_mod.F90} {1241,3}-{1557,27}]
2.18% | DERIVATIVE_MOD::GRADIENT_SPHERE [{derivative_mod.F90} {1662,3}-{1702,32}]
2.164% | | PHYSICS_MOD::VIRTUAL_TEMPERATURE1D [{physics_mod.F90} {85,3}-{96,36}]
1.885% [E-——"] RADIATION::RADIATION_TEND [{radiation.F90} {567,3}-{1288,30}]
1.789% DERIVATIVE_MOD::DIVERGENCE_SPHERE_WK [{derivative_mod.F90} {2031,3}-{2101,35}]
1.693% UWSHCU::EXNF [fuwshcu.F90} {42,3}-{46,19}]
1.489% [ 1] RAD_CONSTITUENTS::RAD_CNST_GET_MAM_MMR_BY_IDX [{rad_constituents.F90} {1721,1}-{1789,42}]

|

1.469% [ 1 VISCOSITY_MOD::BIHARMONIC_WK_SCALAR_MINMAX [{viscosity_mod.F90} {368,1}-{453,14}]
1.342% [ ] INTERPOLATE_DATA::LININTERP1D [{interpolate_data.F90} {305,3}-{352,28}]
1.308% [l MODAL_AER_OPT::MODAL_AERO_SW [{modal_aer_opt.F90} {306,1}-{916,28}]
1.192% [Emssssl MODAL_AER_OPT::MODAL_AERO LW [{modal_aer_opt.F90} {920,1}-{1150,28}]
1.021% [ 1 NDROP::DROPMIXNUC [{ndrop.F90} {290,1}-{1078,25}]
0.943% [E] NDROP::EXPLMIX [{ndrop.F90}{1082,1}-{1154,22}]
0.919% [Emmmss NDROP::LOADAER [{ndrop.F90}{1695,1}-{1798,22}]
0.84% [mmmmml DERIVATIVE_MOD::VLAPLACE_SPHERE_WK_CONTRA [{derivative_mod.F90} {2545,3}-{2591,40}]
0.792% [mmmml MO_IMP_SOL::IMP_SOL [{mo_imp_sol.F90} {307,3}-{667,24}]
0.586% [ CAM_HISTORY::GET_MASTERLIST_INDX [{cam_history.F90} {5138,4}-{5183,35}]
0.565% [L] CAM_HISTORY::OUTFLD [{cam_history.F90} {2597,4}-{2718,24}]
0.549% [_] CAM_HISTORY::GET_FIELD_PROPERTIES [{cam_history.F90} {2722,4}-{2845,38}]
0.52% [Em] MODAL_AER_OPT::BINTERP [{modal_aer_opt.F90} {1259,7}-{1324,28}]
0.515% E MODAL_AERO_WATERUPTAKE::MODAL _AERO_KOHLER [{modal_aero_wateruptake.F90} {464,7}-{619,38}]

expensive

Huge subroutines that are time consuming may require
refactoring to discover enhancement possibilities.
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We want to use vector instructions efficiently.

- Better vectorization on Xeon  Mewic e

Value: Exclusive
Units: seconds

<,

will only help with Xeon Phi.

547.636 | | DERIVATIVE_MOD::LAPLACE_SPHERE_WK [{derivative_mod.F90} {2433,3}-{2480,32}]
250.04 | | DERIVATIVE_MOD::DIVERGENCE_SPHERE [{derivative_mod.F90} {2379,3}-{2429,32}]
s . . 224.196 el DERIVATIVE_MOD::GRADIENT_SPHERE [{derivative_mod.F90} {1663,3}-{1703,32}]
* COntlgUOUS memory acCcess 1n 190.907 | | DERIVATIVE_MOD::DIVERGENCE_SPHERE_WK [{derivative_mod.F90} {2032,3}-{2106,35}]
89.866 == DERIVATIVE_MOD::VLAPLACE_SPHERE_WK_CONTRA [{derivative_mod.F90} {2555,3}-{2601,40}]
e 45.958 CCSM_DRIVER [{ccsm_driver.F90} {1,1}-{111,23}]
IOOPS WIH help 35.54 [_] DERIVATIVE_MOD::VLAPLACE_SPHERE WK [{derivative_mod.F90} {2483,3}-{2515,33}]
32.691 ] DERIVATIVE_MOD::VORTICITY_SPHERE [{derivative_mod.F90} {2259,3}-{2310,31}]
19.735 E DERIVATIVE_MOD::GRADIENT_SPHERE_WK_TESTCOV [{derivative_mod.F90} {1770,3}-{1833,43}]
. . . 18.458 [ DERIVATIVE_MOD::CURL SPHERE_WK_TESTCOV [{derivative_mod.F90} {1708,3}-{1767,39}]
¢ A $d17” vector EllngZEd to 4.632 | CCSM_COMP_MOD::CCSM_RUN [{ccsm_comp_mod.F90} {1801,2}-{3125,24}]
0.008 | CCSM_COMP_MOD::CCSM_COMP_BARRIERS [{ccsm_comp_mod.F90} {3433,1}-{3444,33}]
inner loop allows for single
stride access shows 1%
relative VI increase Fig.1: TAU profile, total exclusive execution time on Xeon.

Metric: ( PAPI_VEC_DP / PAPI_DP_OPS)

(divergence_sphere_Wk)' NOt Value: Exclusive

Units: counts

enough to impact overall

0.477

DERIVATIVE_MOD::VLAPLACE_SPHERE_WK_CONTRA [{derivative_mod.F90} {2548,3}-{2594,40}]

| DERIVATIVE_MOD::DIVERGENCE_SPHERE [{derivative_mod.F90} {2377,3}-{2427,32}]

| DERIVATIVE_MOD::VORTICITY_SPHERE [{derivative_mod.F90} {2257,3}-{2308,31}]

performance at this small sz

CCSM_DRIVER [{ccsm_driver.F90} {1,1}-{111,23}]

0.258 e EYEFY}TYTYTY DERIVATIVE_MOD::GRADIENT_SPHERE [{derivative_mod.F90} {1663,3}-{1703,32}]

Scale. 0.211 |

| DERIVATIVE_MOD::DIVERGENCE_SPHERE_WK [{derivative_mod.F90} {2032,3}-{2104,35}]

0.203 [l  DERIVATIVE_MOD::CURL_SPHERE_WK_TESTCOV [{derivative_mod.F90} {1708,3}-{1767,39}]
0.137 [l  CCSM_COMP_MOD::CCSM_RUN [{ccsm_comp_mod.F90} {1801,2}-{3125,24}]
0.064 [Esssss] DERIVATIVE_MOD::GRADIENT_SPHERE_WK_TESTCOV [{derivative_mod.F90} {1770,3}-{1833,43}]

L)

# An inner loop of 8 iterates
works well with the Xeon Phi

3.2E-8 | DERIVATIVE_MOD::LAPLACE_SPHERE_WK [{derivative_mod.F90} {2431,3}-{2473,32}]
1.3E-8 | DERIVATIVE MOD::VLAPLACE SPHERE WK [{derivative mod.F90}{2476,31-{2508.331]

ARIGE Fig 2.: Vector Intensity with max value of 1 on Xeon

a=2*(FP_COMP_OPS_EXE:SSE_FP_PACKED_DOUBLE) + 4*(SIMD_FP_256:PACKED_DOUBLE), b=FP_COMP_OPS_EXE:SSE_SCALAR_DOUBLE

PAPI_VEC_DP/PAPI_DP_OPS=1/(1+(b/a))

h—
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Cycles Per Instruction can highlight issues.

Task 22 Thread 1 - Cluster 1.0
Duration = 185.03 ms Counter = 584457 .44 Kevents

0 0.2 0.4 0.6 0.8 ]
1 . . . 5000
Q0 =
QL =4 14 4500 =
Z an et 1 4000 5
Ay 7 00 3
= B i k=
| 0.6 fii i R A000 e
o L %
< i i1 7 2500 &
B 04 4 2000 EI
g 11500 &
Sl S00 1000
Z | Counter rate === ~
Curve fitting - 1 500 é
5 . Sanllples (1500)I i 5
0 37.01 74.01 111.02 14803  185.03

Normalized time

« First derivative minimums correspond to subroutines
which are evaluated for acceleration. [BSC: Extrae,Paraver]

—
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Scalars as vectors and reducing loops help. Cutting down
number of divides also helps.

real(r8) srcs2 ! work variable

real(r8) tc I temp in celcius

real(r8) weight ! fraction of condensate which is ice

real(r8) cldmabs ! maximum cloud at or above this level

real(r8) cldmabc ! maximum cloud at or above this level

real(r8) odds [ limit on removal rate (proportional to prec)
do k= 1,pver

doi=1ncol
tc =t(i,k) - tmelt
weight = max(0._r8,min(-tc*0.05_r8,1.0_r8)) ! fraction of condensate that is ice
weight =0._r8 ' assume no ice

pdog = pdel(i,k)/gravit

| *FFrkxkhdhrkhhdrrrd EVapOI‘atiOI’I kkkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkkkxx

I calculate the fraction of strat precip from above

! which evaporates within this layer

fracev(i) = evaps(i k)*pdel(i k) / gravit &
/max(1.e-12_r8,precabs(i))

real(r8) srcs2(pcols) ! work variable

real(r8) tc(pcols) I temp in celcius

real(r8) weight(pcols) ! fraction of condensate which is ice

real(r8) cldmabs(pcols) ! maximum cloud at or above this level

real(r8) cldmabc(pcols) I maximum cloud at or above this level

real(r8) odds(pcols) I limit on removal rate (proportional to prec)
do k = 1,pver

defisslmcel
tc(i) =t(,k) - tmelt

weight(i) = max(0._r8,min(-tc(i)*0.05_r8,1.0_r8)) ! fraction of condensate

weight(i) = 0._r8 ! assume no ice

pdog(i) = pdel(ik)/gravit
rpdog(i) = gravit/pdel(i, k)
rdeltat = 1.0 _r8/deltat

| kkkkhkkkhkhkkkhkhkkkikikk EVapOratiOH kkkkhkhkkkhkhkkhkhkhkkhkhkhkkhkhkhkkkikix

I calculate the fraction of strat precip from above

! which evaporates within this layer
#ifdef SVRECIP

fracev(i) = evaps(i, k)*pdog(i) &
#else

fracev(i) = evaps(i k)*pdel(i k) / gravit &
#endif

/max(1.e-12_r8,precabs(i))
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VPU vector 1ength speedup nearly achieved.

Wetdepa_V2 Relative Speedup with Resolutio overall FC5 Speedup with Resolutio

3.5 5 . 1.2
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+ Opverall application speedup is relatively small; we need many of these micro-

accelerations.
» This type of acceleration’s overall impact is possibly diminished with increased

resolution.
« All regression tests passed for the Xeon Phi.
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Investigations with HOMME and help from TACC + Intel showed
“-mP20PT_hpo_matrix_opt_framework=0" needed for -O3 on Xeon Phi

Stampede FCS5, nel6é_nel6
(compiler: intely13.1.1 163 . impi: impif/4.1.1 036 )
2 nodes, for each node:
Host: 2 omp threads for each of 16 MPI ranks
KNC:- 48 omp threads for each 4 MPI ranks
Percentage of DRIVER_RUN_LOOP
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+ Comparative slowest‘may not be most expensive.
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Components behave nearly the same on both platforms

Stampede FCS5, nel6_nel6
AT M dominates on both devices
CPL is relativily 3 times slower on KNC

X
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« Still need to understand why coupler is much slower on Xeon Phi with no restart files.
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FC5 (CAM-SE) is .3 *Xeon [2 dual socket]= Xeon Phi [2 KNC] and is

now verified using ensembles. Is the biz-for-bir constraint alleviated?

Create ensemble of all variables (118) on
trusted platform by 101 initial temperature

=G
perturbations. gm _ P il \
Liiri E\m
1 year simulation G

Particular compset and resolution
+ Definition for Z-score for one

101 member ensemble establishes variable at a global location

[min,max] RMSZ score or global mean

interval per variable: baseline intervals RMSZE = s e
Nx - L

Compare 3 similar perturbations on ported

platform or new algorithm. * Definition of RMSZ

« X: particular variable,
Success: Less than 10% variables outside of
baseline intervals with no repetition among

the 3 experiments.
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We are continually working toward Xeon Phi CESM production
runs.

« DDT use on Xeon Phi helped expose Intel’s OpenMP issue of privatized variables that have allocatable
members.

+ We want to use KGEN (Y. Kim) to extract more kernels for acceleration on both Xeon and Xeon Phi

* We are working on the fully coupled BC5 Xeon Phi verification.

* Newest Intel 15 compiler that has fixes applied (compiler flag that optimized FC5) does not run on
the Xeon Phi as of yet (but it does for Xeon).

* Ensemble verification process allows for comparisons without bit-for-bit constraint.
* We now have a branch of CESM dedicated to Xeon Phi development.

* Symmetric run strategies will be explored in this branch. This will be necessary production run
status.

* We must be careful that code changes does not hurt performance on other architectures.

* Regression tests have minimal performance checks (high-level subroutine max times). We would
like to integrate more detailed (and still light weight) performance checks in the regression testing.
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