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Overview

- CCSM3 and Standalone CAM
Introduction

» Tau Introduction
* Machine Targets
+ Some Examples of Analysis
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CAM Introduction
+ Community Atmospheric Model
+ SPMD (single binary)

* Incorporates some land, sea ice, and
ocean aspects

» Can be configured as Atmospheric
Model for use with CCSM
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CCSM Introduction X

CCSM, the Community Climate System Model, is a coupled model
for simulating the earth's climate system.

Components in CCSM3 include

Atmospheric Model - CAM 3.0

Ocean Model - modified version of POP 1.4.3
Sea Ice Model - CSIMH

Land Model - CLM3

Coupler - CPL6

All components use MPI
Some can use OpenMP on platforms where available

MPMD (multi-program, multi-data) - 5 different binaries all
running on separate processor sets under one MPI environment

Each component has different scaling and performance aspects

D
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CCSM Hub and Spoke

Cam

Ice
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Sugpor’red Machines :

IBM Power3, Power4 - fully validated

Xeon Linux Clusters (GigE and Myrinet) - validated T31x3
Cray X1 - recently validated T31x3, just starting T85x1
SGI Altix - baseline validation complete for T31x3

Earth Simulator - fully validated on pre-release, update planned
Opteron Linux Clusters (Myrinet) - work underway

Xeon Linux Clusters (InfiniBand) - work continuing

Cray XT3 and XD1 - work begun

N



NCAR's Bluesky

IBM clustered SMP system
1.3 GHz Power4 CPUs

- Colony Switch

- 76 8-way SMP nodes
25 32-way SMP nodes
2GB memory per CPU

Total of 1600 CPUs,
3.2TBytes of memory,
and 8.32 peak TFLOPs
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Phoenix - Cray X1E

Cray X1E with 256 SMP
nodes

* 4 Multi-Streaming Processors
(MSP) per node

* 4 Single Streaming
Processors (SSP) per MSP

» Two 32-stage 64-bit wide
vector units running at 1.13
GHz and one 2-way

superscalar unit running at 565
MHz per SSP

» 2 MB Ecache per MSP
» 8 GB of memory per node

Total of 1024 processors (MSPs), 2 TB of memory, and 18 TF/s peak performance.

N

10



CCSM Bluesky Percent of Peak-

000

¢ b30.009 b30.020 b30.030 b30.033
IPCC code efficiency x b30.036 o b30.037 + b30.038 - b30.040
b30.041 ¢ b30.044 b30.045 —— 32-way avg
4
3
°
3.5 KK % _
XX X% - = =¥ === o Moo X X
WO RCHESEE — = - - — X OKC® L KO KN
°* SOMEIEEI0 MMCICICC N, S22 S S SNl T T T 20K
iY) * °* > ¢ O ENRNREDECOMCSCKOICINS — XN | I Yo oo
4+ 34 W N — =K e Y =W GO0 KO MK
g GO0 00 G0 B B UDUNNNOS B NNNNNNG - X @« -%- - XX = X X XS X3 003K
— CUDGNNINNNOOLNNINNDRNNNINND & O CHINNY W oon VX Xe+ - - o o 08 XK
) GONNINND QNG . ) ° - * oK
< G G000 © O ©® 0NN & TANE D NG S BND o~ X - . » -
" 25— ¢ ®weonnmm - X—|
X
¢ °* -
. - -
2+ —
1.5

UNIVERSITY

NCAR

1



The Perfomance Characterization Problemr

»+ CCSM is supported on many platforms

- Need machine independent way to evaluate
performance

- Need easy way to automate “standard”
performance characterization as well as complex in-
depth analysis

- CCSM is a complex MPMD application

- CCSM is currently undergoing massive science
changes (finite volume, biogeochemistry)

N
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A Solution: TAU

» Supports both auto instrumentation and user
defined events

» Support for MPT and OpenMP
* Available on multiple platforms

* Low impact instrumentation using hardware
counter where available

+ Easily works into application build process

N
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Project Status

- Tau installed on

- NCAR's Bluesky (IBM Power4)

- ORNL's Cheetah (IBM Power4)

- ORNL's Phoenix (Cray X1E)

- University of Oregon's NIC (IBM Power4) (???? Regatta)

* In 4 hours on Bluesky

- Installed Tau
- Performed Basic Functionality Test
- Performed First Instrumentation of CAM

- Tau tested

- CAM MPT only
- CAM MPI/OMP begun
- CCSM MPT only

N
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TAU Performance System =

Instrumentation N
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TAU Features

» Call path profiling
» Compensation of profiling overhead
- Selective instrumentation (exclude/include)
+ Throttling of lightweight routines at runtime
» Support for PAPI hardware counters
» Visualizers for TAU traces: Vampir, Jumpshot
* ParaProf scalable profile browser

* Modular, configurable measurement library
+ Easy integration in build systems

N
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TAU Modifications in CAM -

- Choose TAU measurement library/stub makefile:

export TAU MAKEFILE=/home/bluesky/sshende/tau2/ibmé4/1ib/
Makefile.tau-nocomm- mpi-pdt

- export TAU OPTIONS='-optVerbose -optPdtF950pts="-p -DCAM -
DNO SHR VMATH -DHIDE SHR MSG -DAIX"

-optTauSelectFile=/home/bluesky/sshende/camscripts/select.tau’

- Thr'o1'1'le instrumentation in lightweight routines

export TAU THROTTLE=1

- export TAU THROTTLE NUMCALLS=100000

- export TAU THROTTLE PERCALL=10

- Disables instrumentation in any routine that executes over
100000 times and has an inclusive time per call of less
than 10 microseconds!

+ Choose TAU's compiler script

Original: $cfgdir/configure -dyn eul -res 64x128 -spmd
With TAU: S$cfgdir/configure -dyn eul -res 64x128 -spmd -fc tau £90.sh

No Changes to source code or configuration system!

IREGON
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Normal and Stacked Displays -

6 O 0 ParaProf: /Users/georgercarrjr/Work/NCAR/tauwork/ppk/cam8x1.callpath.ppk
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ParaProf: /Users /george rcarr_j[/Work/NCAR/ tauwork /Vp‘pﬂlg /cam8x Lpapi path.ppk

File aptions Windows Help

Metric: PAPI L1 DCM
Value: Exclusive
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Using PAPT to Get Hardware Counters
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Call Thread Bar Graph v

_—6 O ® n,ct3,0,0 - /Users/georgercarrjr/Work/NCAR/tauwork /ppk/cam8x1.ppk

:File Options Windows Help

Metric: Time
, Value: Exclusive
i Units: microseconds

4 6438E7 [ |
4 2454E7
2.9337E7 L[ |
2.8994E7 —
2.2503E7 |
2.1626E7 =
1.7092E7 |

1.0154E7 =
8904212 [
8895972

8712140 [

7596327
7374888
6419698
6183395
6137752
5785651
5622413
5622162
5015902
4839125
4654363
4429113
3951602

(= 1]
(=}
(o]
N
\‘
NN
NN

OO

DDDDUHDH

MPI_Alltoallv() m
RADSW:RADCSWMX
RADAE:RADABS

AEROSOL_ RADIATION_ INTERFACE
RADAE:TRCAB

CLDWAT:PCOND
RADSW:RADDEDMX
MPI1_Allgatherv()

CLDWAT:FINDSP
STRATIFORM:STRATIFORM_TEND
CLOUD_ FRACTION:CLDFRC
GEOPOTENTIAL::GEOCPOTENTIAL C
TFILT MASSFIX:TFILT MASSFIXRU
PHYSICS TYPES:PHYSICS UPDA™
DP COUPLING:D P COUPLING
ZM_CONV:BUOYAN

PKG CLD SEDIMENT:GETFLX
RADLW:RADCLWMX

HERXIN

DYNPKG

CHECK ENERGY:CHECK ENERG
RADIATION::RADIATION TEND
DIAGNOSTICS::DIAG_PHYS WRITE
ZM_CONV:CLDPRP

DIFFUSION_SOLVER:COMPUTE. V
TRHVSRC

4>

]

UNIVERSITY
OF OREGON

N

NCAR

20



CallPath Display

Mean Call Path Data - cam8x1.callpath.comp.ppk/

File Options Windows Help

Metric Name: Time
Sorted By: Exclusive
Units: seconds

Exclusive Inclusive Calls/Tot.Calls
46.233 46.233 361/1445
0.636 0.636 361/1445
7.8E-4 7.8E-4 1/1445
6.89 6.89 722/1445
- 53.759 53.759 1445
43.15 94.325 7680/7680
- 43.15 94.325 7680
0.36 0.36 7342.5/7342.5
28.439 28.439 139508/139508
0.087 0.087 7680/7680
0.071 0.14 7342.5/7342.5
0.314 0.314 44055/44055
0.071 0.361 7342.5/7342.5
0.673 0.673 73425/73425
0.076 0.154 7342.5/7342.5
1.186 1.186 29370/60090
0.501 1.154 58375.4/430597
18.308 18.308 139508/139508
29.495 58.421 640/640
-— 29.495 58.421 640
25:211 25.211 449280/449280
3% 715 3.715 66560/66560
28.439 28.439 139508/139508
- 28.439 28.439 139508

O

Parents

Name[id]

CLM_CAMMOD::LP ALL2ALL CHUNK TO CLUMP[1431]
CLM_CAMMOD: :LP_ALL2ALL CLUMP_TO CHUNK[1432]
CLM_CAMMOD: :LP_ALL2ALL_CLUMP_TO CHUNK INIT[1433]

MPIALLTOALLV[1693] .
MPI_Alltoallv()[1710] < Routlne
RADIATION: :RADIATION TEND[1824]

RADSW: : RADCSWMX [ 1829

AEROSOL_RADIATION INTERFACE::AER_LAYER MASS_GET([25]
AEROSOL_RADIATION INTERFACE::AER_LAYER_RAD PROPS_GET[26 ]
AEROSOL_RADIATION INTERFACE::SW DIAGNOSTICS INIT[30]
CMPARRAY MOD: :CMPDAYNITE 1D I[1442]

CMPARRAY MOD: :CMPDAYNITE 1D_R_COPY[1443]
CMPARRAY_MOD: : CMPDAYNITE 2D R[1444]

CMPARRAY MOD: :CMPDAYNITE 2D _R_COPY[1445]

CMPARRAY MOD: :EXPDAYNITE 1D I[1448]
CMPARRAY_MOD: : EXPDAYNITE 2D R[1449]

QUICK SORT::QUICK SORT 1[1800]
RADSW: : RADDEDMX [ 1830 ]

RADLW: : RADCLWMX [ 1827 ]
RADAE: : RADABS[1802]
RADAE: : TRCAB[ 1807 ]
RADAE: : TRCABN[ 1808 ]

RADSW: : RADCSWMX[1829]
AEROSOL_RADIATION_INTERFACE::AER_LAYER RAD PROPS_GET[26]

N\
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Thread Statistics Text

'‘®06

n,ct, 3,0,0 - /Users/georgercarrjr/Work /NCAR/tauwork /ppk/cam8x1.ppk

File Options Windows Help

Metric: Time
Sorted By: Exclusive
Units: microseconds

#Calls #Child calls

.6438E7
. 2454E7
.9337E7
.8994E7
.2503E7
.1626E7
. T092E7
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7942025
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6.5378E7
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7.8591E7
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1.6973E8
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640
145901
449280

23104
145901
122
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23104
46208
300352
2888
462080
36l
23104
46208
7680
8760

36l
138624

23104

498394
515840
0

0
123105
0

0

0
323456
46208
0

8664
300352
92416
0
46208
40686
0
40889
0
269185

32136.857
11805.28
86150.85

198.721
50.086
1351.569
117.145
14063.115
385.397
2829.337
208.894
28.949
2911.559
34.777
22000.069
267.633
202.48
8512.7
641.828
217702.795
36.184
7346.204
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User Event Statistics v

806 i, 3,00 - JUsers/georgercarrjr/Work/NCAR tauwork /ppk/ camxLppk
File Options Windows Help

Sorted By: Number of Samples

NumSamples Max Min Mean Std. Dev Name
1449 135680 4 71412 63118
796 2940000 4 38891 297852 Message size for broadcast
723 5312 4 4090.3 1224.6 Message size for all-gather
556 61680 4 18417 10370
51 483328 8192 148749 124331 Message size for scatter

O N\
PR NCAR
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Thread Statistics Table

™\ O D

File Options Windows Help

Mean Statistics - cam8x1.callpath.comp.ppk/

({11 | [N T (1L I
Name Time % ¥ Time
v [l cam 0.0% 0.122
v [ STEPON 0.0% 0.059
v [l PHYSPKG 0.2% 0.906
» [] CLM_CAMMOD::CLM_CAMRUN 12.2% 65.443
v [l TPHYSBC 0.8% 4.233
v [ RADIATION::RADIATION_TEND 1.0% 5.096
v [E RADSW::RADCSWMX 8.1% 43.15
[ AEROSOL_RADIATION_INTERFACE::AER_LAYER _RAD_PROPS_GET 5.3% 28.439
[l RADSW::RADDEDMX 3.4% 18.308
» [l CMPARRAY_MOD::CMPDAYNITE_2D_R 0.1% 0.361
[l AEROSOL_RADIATION_INTERFACE::AER _LAYER _MASS_GET 0.1% 0.36
[l CMPARRAY_MOD::EXPDAYNITE_2D_R 0.2% 1.186
» [l CMPARRAY_MOD::EXPDAYNITE_1D_| 0.0% 0.154
» [l QUICK_SORT::QUICK_SORT_1 0.2% 1.154
» [l CMPARRAY_MOD::CMPDAYNITE_1D_| 0.0% 0.14
[l AEROSOL_RADIATION_INTERFACE::SW_DIAGNOSTICS_INIT 0.0% 0.087
[l CMPARRAY_MOD::CMPDAYNITE_2D_R_COPY 0.1% 0.673
[l CMPARRAY_MOD::CMPDAYNITE_1D_R_COPY 0.1% 0.314
» [C] RADLW::RADCLWMX 13.3% 71.032
» [l AEROSOL_RADIATION_INTERFACE::COLLECT _SW_AER _MASSES 0.8% 4.316
» [l PARAM_CLDOPTICS::PARAM_CLDOPTICS_CALC 0.2% 1.294
» [l AEROSOL_RADIATION_INTERFACE::AEROSOL_COLUMN_OPTICAL_DIAG 0.1% 0.731
[l AEROSOL_RADIATION_INTERFACE::AEROSOL_MASS_DIAGNOSTICS 0.1% 0.719
» I RAD_CONSTITUENTS::RAD_CONSTITUENTS_GET 0.5% 2.896
» [ RADIATION::RADINP 0.1% 0.331
[l CLDSAV 0.0% 0.236
[l WV_SATURATION::AQSAT 0.0% 0.216
» [l ZENITH 0.1% 0.568
Bl RADHEAT::RADHEAT_TEND 0.1% 0.54

O

UNIVERSITY
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Calls

1;
1}
361
361
23,104
23,104
7,680
139,507.5
139,507.5
7.342.5
7.342.5
29,370
7.342.5
58,375.375
7.342.5
7,680
73,425
44,055
7,680
7,680
7,680
7,680
7,680
46,080
7,680
7,680
7,680
23,104 5
23,104

~\
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[ ] [ ] [
CI"QGTIHQ Demved Metrics X
:,6_076 ParaProf Manager y
File Options Help
@ Applications Field Value
v Standard Applications Name PAPI_FP_INS / PAPI_TOT_CYC
' Application ID 1
=
L Default A;?p ) Experiment ID 0
¥ | New Application Trial ID 0
¥ | New Experiment Metric ID 4
v mv.ppk/ppk/tauwork/NCAR /Work /georgel
@ GET_TIME_OF_DAY e

@ PAPI_FP_INS
@ PAPI_TOT_CYC
@ PAPI_FP_INS / GET_TIME_OF_DAY
@ PAPI_FP_INS / PAPI_TOT_CYC
» | DB Applications

[ —3 |4 >

Argument 1: 1:0:0:4 - PAPI_FP_INS / PAPI_TOT_CYC

Argument 2: 1:0:0:4 - PAPI_FP_INS / PAPI_TOT_CYC

Divide |#%

m UNIVERSITY

OF OREGON

( Apply operation ;;'

~\
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Display of Derived Metric

866

n,c,t 3.0._0 -~ [Users/georgercarrjr/Work/NCAR/tauwork /ppk/mv.ppk

File Options Windows Help

Metric: PAPI _FP _INS/PAPI TOT CYC
Value: Exclusive
Units: counts

0.83 FFT99B m
0.769 XQMASS
0. O ] GRCALCS
0. BT ] GRCALCA
0674 = LIMDZ
0.669 | QUAD
0.666 = CMPHES
0.589 | CMPLR
0.587 = ENGY_TE
057 [= ] PKG CLDOPTICS:RELTAB
0.566 _ PKG CLD SEDIMENT:CFDOTMC PRO
0.525 | HERZIN
0.519 l_zl QMASSD
0.504 | LIMDY
0.491 _l S2GPHI
0475 = VPASSM
0446 | TRJGL
0.444 | I PRESCRIBED AEROSOLS:SCALE AEROSOLS
0431 | | PKG CLD SEDIMENT:GETFLX
0424 |eesssss——— S2GVEL
0422 | | G2SPOS
0422 ] CUBZDR )
0412 ey VRTMAP
0412 Is ] HERYIN ) 4
¢— > |- » .
ornl O
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Load Imbalance: Timeline

00O X! Vampir 4.0 - Timeline

2:00.0 2:30,0 3:00,0 3:30.0
| | . | B
: ; : - BCLIUAT: :PCOND
node 0 CPL_CONTRACT~0L! ! B9 B3 CPL_MAP_MOD:™02 N CPL_CONTRACT_HOD: :CPL_CONTRACT_DECOHP
i FCPL_CONTRACT_HMOD: :CPL_CONTRACT_INIT
! ! ! SICPL_HAP_HOD: :CPL _HAP_BUN
. . . WCPL_HAP_HOD: :CPL_MAP_INIT
: ! : BCPL_HAP_HOD: :CPL_HAP_READ

g DIAGNOSTICS: :DIAG_DYNVAR
e+ [ N N | L G .y sowr. s
FDIAG_BSF: : ISLAND_HASK_DIAG_BSF

q 0 HERKIN

d ! [UICE_DYN_EYP: :STEPU

' . ICE_HISTORY: : ICECDF

node 2 UBESSNS) MPI_Recv() 5 MICE_THERM_YERTICAL ¢ s TRIDIAG_SOLVER
PRESCRIBED_AEROSOLS: :YERT_INTERPOLATE

E0UAD

IURADAE : :RADABS

IRADAE ; :RADENS

IURADCLUM
oo 3 N R -
"REALLOC4R

S2GVEL
SOILHYDROLOGYMOD: :SOILWATER
[ESOILTEMPERATUREMOD : : SOILTEMPERATURE

node 4 I IESTATICECOSYSDYNMOD : :READHONTHLYYEGETATION
ITPHYSEC

[UTRCEMS
TRCPLK
VDPLIM

IZH_CONY; s BUOYAN
oo
w7 N |
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ccsm.vpt.gz: node 1/Times incl./Sorted by:TimesDown
L->ICEMODEL
>ICE_COUPLING: : INIT_CPL
>CPL_INTERFACE_MOD: : CPL_INTERFACE_INFOBUFRECY
>CPL_INFOBUF_MOD: : CPL_INFOBUF_RECV
L—>CPL_INFOBUF_MOD: : CPL_INFOBUF_EXECUTE
>SHR_MPI_MOD: : SHR_MPI_RECVI1

>SHR_MPI_MOD: : SHR_MPT_CHKERR
>SHR_MPI_MOD: : SHR_MPI_RECVR1

s, vpt
ccsm,.vpt.gz: node O0/Times incl./Sorted by:TimesDown
—>CPL : 0.0 s)
>CPL_INTERFACE_MOD: : CPL_INTERFACE_CONTRACTINIT (10 : 2:41.324)
>CPL_CONTRACT_MOD: : CPL_CONTRACT_INIT (10 1.295)

- (10 4,077 s)
DMPI_Waitall() (50 0.119 s)
>CPL_DOMAIN_MOD: : CPL_DOMAIN_INFO (10 13.263 ms)
>CPL_INFOBUF_MOD: : CPL_INFOBUF_BCAST (10 1.119 ms)
>MPI_Bcast() (120 : 0.931 ms)
>MPI_Recv () (20 : 0.513 ms)
YMPI_Send() (50 : 0.41 ms)
YMPI_Irecv() (56 : 0.382 ms)
SMPI_Barrier() (40 : 0.193 ms)
YMPI_Isend() (10 : 0,143 wms)
>MPI_Comm_rank{) (55 : 0,127 ms)
YMPI_Wait() (10 50.0 ps)
>MPI_Comm_size() (10 : 23,0 ps)

>CPL_BUNDLE_MOD: : CPL_BUNDLE_INIT (10 : 28.875 ms)
>DATA_MOD: : DATA_MAPINIT e (1 : 1:03.035)

ccsm.vpt.gz: node 5/Times incl./Sorted by:TimesDown

—>cam
DINITEXT
>CCSM_MSG: : CCSMINI
>CCSM_MSG: : CCSM_MSG_GETORB
>CPL_INTERFACE_MOD: : CPL_INTERFACE_INFOBUFRECY
L—>CPL_INFOBUF_MOD: : CPL_INFOBUF_BCAST
L—>CPL_INFOBUF_MOD: : CPL_INFOBUF _EXECUTE
>SHR_MPI_MOD: :SHR_MPI_BCASTI1

>SHR_MPI_MOD: :SHR_MPI_CHKERR
>SHR_MPI_MOD: : SHR_MPI_BCASTR1

>MPI_Bcast()

>SHR_MPI_MOD: : SHR_MPI_CHKERR
>SHR_TIMER_MOD: ;: SHR_TIMER_STOP

o > |Print... Fold.Level: 9
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3D Visualization

'8 O 6 ParaProf Visualizer: /Users/georgercarrjr/Work /NCAR /tauwork/ppk/cam8x1.ppk
File Options Windows Help

O Triangle Mesh
Bar Plot

Scatter Plot

Height Metric

Exclusive 4] Time -84

Color Metric

Exclusive 21 ' Time =

MPI_Alltoallv()

Function
() <>
3:0:0
Thread
=) <>

Height value 4.6438E7 microseconds
Color value 4.6438E7 microseconds

\
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3D ScatterPlot

File Options Windows Help

——

" Triangle Mesh
Bar Plot

*) Scatter Plot

>

GET_TIME_OF_DAY

)

v

o

PAPI_L1_DCM

>

GET_TIME_OF_DAY

22

v

PAPI_L1_DCM

v

ColorScale  Render

MPI_Alltoallv()
Width
Exclusive
— 35.696 RADSW::RADCSWMX
T
Depth
Exclusive
RADAE::RADABS
Height
Exclusive
RADAE::RADABS
Color
Exclusive
ScatterPlot =~ Axes
Point size
Point detail e
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For More Information

See:
e NCAR’s Bluesky
- http://www.cisl.ucar.edu/computers/bluesky/

e The Community Climate System Model (CCSM)

- http://www.ccsm.ucar.edu/models/ccsm3.0/

e ORNL’s Phoenix
- http://www.ccs.ornl.gov/Phoenix/Phoenix.html
e Tuning and Analysis Utilities (TAU)
- http://www.cs.uoregon.edu/research/tau/home.php

e Program Database Toolkit (PDT)

- http://www.cs.uoregon.edu/research/pdt/home.php

e Perfromance Data Standard and API
- http://icl.cs.utk.edu/papi/

e Kit for Objective Judgement and Knowledge-based Detection of Performance Bottlenecks (KOJAK)
- http://icl.cs.utk.edu/kojak/

e Vampir - commercial trace visualization tool
- http://www.vampir-ng.de/

e OpenMP Pragma and Region Instrumentor (OPARI)
- http://www.fz-juelich.de/zam/kojak/opari

N
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