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Yellowstone Envir

Yellowstone
HPC resource, 1.5 PFLOPS peak

Geyser
Caldera
DAV clusters

Pronghorn
Phi testbed

High Bandwidth Low Latency HPC and I/O Networks
FDR InfiniBand and 10Gb Ethernet

1Gb/10Gb Ethernet (40Gb+ future)
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Science Gateways Data Transfer
RDA, ESG Services
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Most jobs are small jobs; bu
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On average, applications
~25% of Yellowstone’s avail

Yellowstone memory utilization, over time (node-level samples every 5 minutes)
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Daily Average Floati
Yellowstone Fractio

Yellowstone Floating Point Efficiency — veiowstone
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The Intel Parallel Computing
Weather and Climate Simulation

e |PCC-WACS is an Intel funded effort focuse
technologies involving computer scientists,
Intel, and international partners.

e A partnership of NCAR, University of Colorz:
in Bangalore, India.

e |tsaim is the development of tools and kn
the development and performance impro
WRF, and MPAS on Intel Xeon and Xeon P!
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SPOC’s Motivation

 Strategic Parallel Optimization Computing

e Application performance improvements
through optimization are likely to surpas
importance those obtained from mere a
improvements.

e This will increase the amount of producti
that can be performed on Yellowstone te

e Improvements made now will accrue to
systems.

‘ColpStbal & Information Systems Laboratory
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Resource Overvi
e [nvestments

— 6 new staff over last 2 years.
e Partners

— DoE - ACME (new)
— G8 ECS project (3 yrs - concluded)

— Intel Parallel Computing Center — CU
— University of Wyoming GPU Collabora

e Workshops/Meetings

— NCAR “Heterogeneous Multi-core Pla

e Platforms S

— U.S.: Yellowstone, Titan, Stampede, Bab;bag(&t\g&\
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Basic optimizations to speed up atm_advance _
dynamics by 2x for 106-scalar “scalar” advectio

SPOC single node MPAS dyn

optimizations on Yellowst
Bob Sinkovits, SDSC

Use Intel 13.1.2 compiler with -O3 -xHost -no-prec-di
Precomputation of scalar weights.
Special treatment of the case of an edge between tw

Taking advantage of fact that coef_3rd_order is non-
unnecessary multiplication.

Flattening nested loops over vertical levels and scalar
Replacement of divisions by cell areas with multiplica

Avoiding initialization of entire flux array to zero. Not
case of edge between hexagonal cells. For default cas
iteration of loop over nAdvCellsForEdge to avoid nee

Q
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IPCC-WACS
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BSC tools helping to find high pri
that are expensive and ine
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Using profiler results to manually sp

Single core

Intel Phi (Intel 13.1.1) Intel Sandybridge (Intel 13.1.2)

-02 -03 -03 -fast -02 -03  -03 -fast

.) -

orig  42.85 41.24 3.43 332 0.97

wg.» wetdepa is small only ~600 lines
(‘a) Restructured branched loops + promote
@*-03 -fast for original code gave incorrec

*2.5% to 0.7% of code execution time =%

B\NCA_R *\ ,@, Significant gains pOSSIbl

1.04
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Review of CESM Nome

” w only wi
data fil
couple

anthropogenic
emissions

7\

a w (CLM)

@ & e BC5 <fu

K, Alexander, S. Easterbrook, 2011: h>p://climatesight.files.wordpress.com/2011/12/agu.pdf
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Functionality Port of CES

120

*not optimal PE-component

KNC total time = 14 SNB Total time
Babbage, 2 SNB nodes vs. 2 KNC cards,
nel6 g37 intel 14.0.3, impi 5.0.1 udpatel

('2.47%', '17.62%")

100}

80}

60

40}

[KNC Comp time / SNB Comp time]
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0 j .
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CESM Componets: % of (SNB,KNC) Total Run Time

Neither FC5 nor BC5 configurationé*tlﬂoug

. have been optimized for K
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] (secs)

m_run

Execution time [pri,

Spectral Element T
Scaling Improve

Execution time for HOMME ne=3 (1-MIC of
Babbage)

13 B ORIG
B MODIFIED

10

54x1 27x2 9x6 6x9 2x27 1x54

MPI rank x OpenMP thread
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How do you refactor entir

e Lots of code (1.5M lines in CES

— Single source multiple architectur
— portability & performance resilien
e Code is rapidly changing |
— Optimization cycle of 1 month — O

— Optimization cycle of 6 months — |

e Verification/validation require

— Most restrictive in climate but son
software verification/science valida
always required.

BRNCAR N\
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Refactoring scient
fast enough to ke

Performance Anal
(ex: Extrae/Parave

Extrae/Paraver!:Prc

—
Kernel

Generator | . Optimized
Stand-

Legacy Code

. 2
(ex: KGEN2) alone alone
Kernel kernel
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Kernel Gene
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KGEN: Kernel Genera
Current status

ratory

e Overview
o Written in Python
o Extension of Fortran parser distributed in

e Semi-automated approach

o KGEN tries to generate kernel fully autom
o Ifit fails, user provide required informatio
configuration file

= Fortran specification, files to search first, n

Current limitations
o Derived type having allocatable or pomter

supported
o Array of derived types is not supported

BANCAR &

al & Information Systems La
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KGEN Example: PORT
( a stand-alone code of CESM/R

ratory

"blnterp subroutine identified as on
hotspots in PORT using Extrae/Parz

KERNEL _FILE := modal_aer_opt.F90
KERNEL_FUNCTION := binterp

kgen -p include.ini -i user.ini-n 1 -m 0,1,2 ${KERNEL_FILE}:${KERNEL_FUNCTIO

orfo i

Computational & Information Systems La

Al \\ command line options
kernel binterp.F90
include directories and macros l - g
] /
. N\
user.ini
KGEN — | modal_aer_opt.F90
user-provided specifications

AN R SOS



oratory

f

modal_aer_opt.F90

subroutine modal_aero_sw(list_idx, state, pbuf, nnite,
idxnite, tauxar, wa, ga, fa)

Lsave input state

WRITE(UNIT = kgen_unit) itab

WRITE(UNIT = kgen_unit) Ibound(refitabsw, 1)
WRITE(UNIT = kgen_unit) ubound(refitabsw, 1)
WRITE(UNIT = kgen_unit) Ibound(refitabsw, 2)
WRITE(UNIT = kgen_unit) ubound(refitabsw, 2)
WRITE(UNIT = kgen_unit) refitabsw

! call kernel
CALL binterp(extpsw(:,:,:,isw), ncol, ... )

lsave output state

WRITE(UNIT = kgen_unit) utab

WRITE(UNIT = kgen_unit) Ibound(refitabsw, 1)
WRITE(UNIT = kgen_unit) ubound(refitabsw, 1)
WRITE(UNIT = kgen_unit) Ibound(refitabsw, 2)
WRITE(UNIT = kgen_unit) ubound(refitabsw, 2)
WRITE(UNIT = kgen_unit) refitabsw

end subroutine

KGEN Example: PORT - Continue‘

kernel binterp.F90

program kernel_binterp

1

INTEGER :: itab(pcols)

REAL(KIND = r8) :: utab(pcols)

REAL(KIND = r8), POINTER :: refitabsw(:, :)

1

READ(UNIT = kgen_unit) utab

READ(UNIT = kgen_unit) kgen_bound(1, 1)

READ(UNIT = kgen_unit) kgen_bound(2, 1)

READ(UNIT = kgen_unit) kgen_bound(1, 2)

READ(UNIT = kgen_unit) kgen_bound(2, 2)

ALLOCATE(refitabsw(kgen_bound(2, 1) - kgen_bound(1, 1) + 1, kgen_bound(2, 2) -
kgen_bound(1, 2) + 1))

READ(UNIT = kgen_unit) refitabsw

L call kernel

1
IF (ALL( outstate_itab == itab ) ) THEN
WRITE(*,*) "itab is IDENTICAL."
ELSE
WRITE(*,*) "itab is NOT IDENTICAL."
WRITE(*,*) "RMS of difference is ", &
sqrt(sum((outstate_itab - itab)**2)/real(size(outstate_itab)))
ENDIF

end program

¥ W S ¥ ST % L
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OpenCase:
User-directed performance o

e Programming techniques for man
optimization
o Source modification

= |oop unrolling, loop splitting, loop merge, data stru

o Compiler options

= alignment options, binary generation options, vect
prefetching options, ...

o Intrinsic or assembly modification
~..® Can we mimic what programmer

Y) does in more automated way? .
qsn&’%\

al & Information Systems La

t
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o Try every combination of the techni
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OpenCase - Feature

e Source code transformation
o loop transformation: unrolling, split, merg
o primitive: line insertion/deletion
o array: index swap
e Compiler flags
o any arrangement of compiler flags

e Performance measurement and ver

o Measure performance result and sort
o Measure output and verify against toleran

Case generation algorithm
o current research topic

al & Information Systems La

g Gist
s
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OpenCase: Case gener

e Environmental variables
o KMP_AFFINITY=(balanced; comp

e Compiler Options

o (-02;-03)

o {-align array64byte, -opt-prefetc
prec-sqgrt', '-no-prec-div'}*

Source transformation

al & Information Systems Laljoratory

ISt

o Line insert/delete

O

356 483 072 cases

Co
|

\Y4

y
55
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o Loop unrolling, merge, split, mte




OpenCase example: divergence_sg
from HOMME

oratory

! subroutine divergence sphere()

4 100 doj=1,np

200 doi=1,np

300 gv(i,j,1)=elem_metdet(i,j)*(elem_DinvC(i,j,1,1)*v(i,j,1) + elem_DinvC(i,j,1,2)*v(i,j,2))
4 400 gv(i,j,2)=elem_metdet(i,j)*(elem_DinvC(i,j,2,1)*v(i,j,1) + elem_DinvC(i,j,2,2)*v(i,j,2))
500 enddo

600 enddo

! compute d/dx and d/dy
700 doj=1,np
o 800 do I=1,np
-4 900 dudx00=0.0d0
1000 dvdy00=0.0d0
1100 do i=1,np
1200 dudx00 = dudx00 + deriv_Dvv(i,l )*gv(i,j ,1)
1300 dvdy00 = dvdy00 + deriv_Dvv(i,l )*gv(j ,i,2)
1400 end do
1500 kgen_div(l ,j ) = dudx00
1600 vvtemp(j ,| ) = dvdy00

1700 end do
J 1800 enddo

1900 do j=1,np
2000 do i=1,np
= | 2100 kgen_div(i,j)=(kgen_div(i,j)+vvtemp(i,j))*(elem_rmetdet(i,j)*rrearth)

W

2200 end do
. 2300 enddo

SO



¢ OpenCase: speed-up durin

¢
- The best speed-ups of divergence_sphere during 6-hour run
; 35 (Completed 0.4% out of 356,483,072 cases)
‘ .
*
¢
U
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OpenCase:
Source code generated by case # 252

ora

! subroutine divergence sphere()

4 100 doj=1,np

IDEC$ VECTOR ALWAYS ALIGNED

200 DO i=1,np,1

4 300 gv(i,j,1) = elem_metdet(i,j)*(elem_dinvc(i,j,1,1)*v(i,j,1) + elem_dinvc(i,j,1,2)*v(i,j,2))
END DO

IDEC$ VECTOR ALWAYS ALIGNED
DO i=1,np,1

1 400 gv(i,j,2) = elem_metdet(i,j)*(elem_dinvc(i,j,2,1)*v(i,j,1) + elem_dinvc(i,j,2,2)*v(i,j,2))

- 600 enddo

- ! compute d/dx and d/dy
IDEC$ VECTOR ALWAYS ALIGNED
IDEC$ UNROLL (np)

800 dol=1,np

700 do j=1,np

900 dudx00=0.0d0

1000 dvdy00=0.0d0
i=1
dudx00 = dudx00 + deriv_dvv(i, I) * gv(i, j, 1)

Q dvdy00 = dvdy00 + deriv_dvv(i, I) * gv(j, i, 2)

i=i+1

dudx00 = dudx00 + deriv_dvv(i, I) * gv(i, j, 1)
dvdy00 = dvdy00 + deriv_dvv(i, I) * gv(j, i, 2)
i=i+1

. _

1 4
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e Application performance improvements ac

NC

Conclusions

optimization are likely to surpass in importi
obtained from mere architectural improve

We need robust, semi-optimized profiling t
Paraver), unit test generators (KGEN), and
generators (OpenCase) to produce optimiz
enough to keep up with size and rate of ch
code base.

This requires broad collaboration between
computer scientists and domain scientists t
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