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Goal

Reducing the wall clock time for CMCC-MED
coupled model currently deployed on NEC SX9
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CMCC-MED coupler configuration

number of fields 35
coupling period 2h40'
coupling steps in one month 279

ANS Division
E. Scoccimarro et al.
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CMCC — Supercomputing Center

LAN
NEC Vector/Parallel 1 Gbit/s IBM Scalar/Parallel
Supercomputer Supercomputer
7 SX-9 nodes 960 cores Power6
112 Proc. - 3,5 TBytes RAM 3,2 TBytes RAM
11,2 TFlops 18 TFlops
NEC SX-9
SAN
4 Gbit/s SAN
/ ‘ 4 Gbit/s Performance per CPU  Over 100 GF
9 Machine cycle (clock) 3.2 GHz
L @ Memory bandwidth 4 TB/s
Memory capacity
Archive/Backup er node 512 GB/1 1B
72 TBytes ) 420 TBytes HA Cluster Server ;i
GFS Storage High performance Disk Storage CPUs per node i
GPFS cluster file system Tape Library
12 GBytes/ .
ytes/sec 1800 Mbytes/sec Performance per node 1.6 TF
1 PBytes I/O Data rate 64 GB/s
Internode
bandwidth 128 GB/s x 2
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OASIS3 performance analysis =
OASIS3 Tracing
2500,00
The time spent by clim_import 2000,00 190,09
routine depends only on the 3
mOdeIS. :g, 1500,00
At the moment we take into % 1000,00
account only the coupling process. @ 608,16
>00,00 . 283,83
46,21
0,00 | - : JU— : .
clim_import scriprmp extrap clim_export
) scriprmp and extrap functions
Elapsed Time (sec) must be taken into account for
1% . . .
optimization.
K scriprmp
Elapsed 0
- eXtrap Tlme (Sec) /O
. . . scriprmp 608,16 64,61%
gradient_bicubic extrap 283,83| 30,15%
W others clim_export 46,21 4,91%
others 3,14| 0,33%
Total Coupling Time 941,35
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Optimization of EXTRAP transformation e 4

Upon computation of the first field of a given dataset, the weights for
extrapolation are computed (for NIO=1 or 2) or they are read from file
(for NIO=0). The weights are then kept in memory for the next fields
belonging to the same dataset.

———————————————————————————————————————————————————————————————————————————————————————————————————

wflag = false l Branch A .| wflag = true '
5 > oWr] ts 2. _
Loextrapolation
0,1

ecompute weights

read weights extrapolation

Branch B

A

Branch A and Branch B are mutually exclusives. This implies that the
weights written in the file during the branch A are never read.

We can optimize the function avoiding the weights writing
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The extrapolation is replicated twice within the
code (Branch A and Branch B).

The optimization level of compiler can cause
numerical displacement between the
extrapolation performed on different branches.

EXTRAP numerical displacement

The measured numerical displacement after
the extrapolation is of order of 4,05e-16.

The displacement on some fields, produce
an average numerical shifting of 0,25% on
the variables after one simulated month.

t

VOVERTAKE directive, defined on count loop in Branch
B, is a further source of numerical displacement.

We canceled it from the loop

Branch B

ind - 1, count
ji — list_ji(ind)
71 — list_jj({ind)
iind-{jj 1) kxlon + ji
pwork(ji,jj) - 0.
ledir unroll=9
250 j1 - 1,9
{zweights(knb, j1,iind) 0.)
idivi-iaddress(knb, j1, iind) kxlon
imult-idivi“kxlon
(iaddress(knb, j1, iind)
ilat-idivi
ilon-kxlon

imult)

ilat-idivil
ilon_ jaddresekmtit

Ly Ly T

pwork(ji,jj) - pwork(ji,jj) + pfild(ilon,ilat)
$ zweights(knb,jl,iind)

250

210 jj
221 ji

Branch A

1, kylat
1, kxlon, kxlon-1

{inbor ivoisin)

C

(¥ Some points around P are not masked so we use them to extrapolate
(* and define the iterfition number, weight and address varicbles

C

pwork(ji,jj) - 0.

iincre(knb, iind) - incre
243 jl1 - ideb, ifin
ilon - ix(jl)

UL
pwork(ji,jj)

pwork(ji,jj)

$ pfild(ilon,ilat) * zmask(jl)
$ FLOAT(inbor)
igddress(knb,jl,iind)-(ilat 1 n+ilon
zwelg BIRE Sk{jl) FLOAT(inbor}
243

221
210
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EXTRAP performance evaluation

| compute
weights
—»‘ extrapolation l

read weights

wflag = false

e ----1 wflag = true

The weights evaluation and extrapolation in Branch A have been disjoined

Branch A only computes the weights; the extrapolation is done only in Branch B
for all fields (also for those ones with NIO=1)

The elimination of weights writing produces a Extrap
modest performance improvement. Elapsed Saved %
] ) ] Time (sec) | Time (sec)
It is done only on the first coupling step and original 286,218
only for a few number of fields Optimized| 285,032 1,186| 0,41%
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Optimization of SCRIPR transformation =4
write rmp_file —»‘ read rmp_file H: remapping l
The remapping files are written once (at the first
coupling step) and read every step
The IO operations can be optimized keeping in
memory the remapping data
Scripr Scripr
Elapsed Saved o
700 617,129 Time (sec) | Time (sec) Yo
5 600 T— Original 617,129
9 500 T— Optimized 367,615 249,514 40,43%
S 400 - 367,615
£ 300 +— E—
T 200 +—— —
8 100 +—— —
w9 : ,
Original Optimized
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OASIS3 Optimization

ly

p ! B
|{ i
*

.

Oasis3 optimization
1000
900 T—— The optimization of the extrap
57‘88 and scripr routines gets a
§ 600 617,129 reduction of eI_apsed time on
> 500 —— 367,615 the whole coupling operation of
£ 400 T—— about 27%
F 300 —
<
® 200 :l
2 100 ,218 [032
m 0 .
Original Optimized
F Others F Extrap Scripr
: : Saved 0
Extrap Scripr | Others | Coupling Time (sec) /o
Original 286,218 617,13| 1,008 904,36
Optimized | 285,032| 367,62| 1,018| 653,67| 250,690 27,72%
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Parallel algorithm

The parallelization is based on the distribution
of the fields among the available processes

The OASIS master process
gets fields from the models
and scatters them among the
OASIS slave processes

Each slave executes the
coupling transformations for
the assigned fields

The master gathers fields from
the slaves and exports them
to the models

INITIALIZATION

UPDTIM

TIME LOOP

r= process rank
n=fields nurmber
p= processes number

MODEL:OOP ?

FREFROC  INTERF FREFROC  INTERFP

COOKART POSTPRO

COURART FPOSTPRO

Fisld loop on i
proc p-1

A S
PREFROC  INTERF

COQOKART POSTPRO
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“N\\“ Data dependence issues

i

Extrapolation dataset management

the weights defined for the first field of a given dataset (NIO=1), are
used for all the others fields belonging to the same dataset.

The semantics of NIO=0 has been extended

If weights are not stored in memory and a field with NIO=0 has to be
extrapolated, the weights are evaluated unless the nweight file exists.

BLASNEW, BLASOLD
They could introduce dependences among fields

A slight overhead has been introduced. Let F2 requires a linear
combination with F1. If process i has to transform F2, then also F1
should be assigned to process i
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Parallel time is given by:

Tow = Towt * Tooe + T

init couple mod els

Parallel model

t Tcom + Tend

Intrinsic sequential time is given by:

T - T|n|t +T mod els Tend

nfleld><(|+1)1
Let /i the process number, j the [
field numbgr and nfield the total Tcouple: max Z Coup|e
number of fields, then: _:;Vnﬁeldxf‘ .

p

Let p the total number of processes, numg,,,. the number of coupling
steps, T. the communication startup time and Tz the time needed to
transfer 1 Byte, so:

nfield

T — Tsend/recv broad Z(T + T L )( p+ logz p) X nurncouple

=1

Tinit Tcouple Tmodels Tcouple Tmodels Tend
| D 2l e

Tcom Tcom Tcom Tcom
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“M“ Parallel OASIS3 performance evaluation

Tcom = Tsend [recv + Tbroad = couple time

nfield 1,27E+01
1,16E+01
Z(Ts +T,L;)(p+log, p) x numg, ;. nfield x(i+1) — L2050
- kbl S’ ,
j=1 p 1,10E+01
givfld field getfld field T ZT 1,13E+01
dimension dimension — i 3 53E+01
(byte) (byte) couple max [ couple;  —3*78E 01
921600 216944 Ts 3,40E-06 . . __5,40E+01
921600 216944 .| nfield xi +1 3,52E+01
921600 216944 Tw (byte) 2,30E-11 | 0 1,34E+01
921600 216944 num_couple 31x9 T 1 90F+N1
921600 216944 — 1,29E+01
921600 216944 __1,29E+01
921600 1762904 1,29E+01
921600 1762904 1,35E+01
921600 1762904 —— ]
216944 921600 _ 1,28E+01
216944 921600 1,30E+01
216944 921600 1,29E+01
216944 921600 7 44E+01
216944 921600 _ —
216944 921600 T - T . +T +T __1,10E+01
216944 921600 Seq Init mod els 7,37E+01
216944 921600 1,10E+01
216944 921600 T { 10E+01
216944 921600 . — 1, 10E+01
216944 921600 Init Time 2,08E+01 __1,10E+01
216944 921600 - 1,19E4+01
e T Models Time 3,67E+03 —1—7,49E+00
216944 921600 End Time 3,73E-05 T 7 A7FE+00
216944 921600 ! — 7,47E+00
216944 921600 __2,25E+01
216944 921600 2,10E+01
1762904 921600 \ 2 23E+01
1762904 921600 —
1762904 921600 —2,15E+01
1762904 921600 1,57E+01
1762904 921600 1,53E+01
1762904 921600 1 54E+01
1762904 921600 =
1762904 921600 _1,13E+01
1762904 921600 1,14E+01
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Parallel OASIS3 performance evaluation

# procs Execution Efficiency Speed up
. Time (sec)
The parallel model shows that the coarse grained i 645,13 1,00 1,00
approach produces low efficiency with 15 procs. 2 e oo b
This is mainly due to the bad load balancing 5 210,83 0,61 3,06
7 191,12 0,48 3,38
9 174,17 0,41 3,70
11 181,22 0,32 3,56
Speed up 13 110,77 0,45 5,82
40 15 99,71 0,43 6,47
- 17 95,28 0,40 6,77
p o0’ 26 90,1 0,28 7,16
4 g0t 33 89,59 0,22 7,20
j: -!'..e. ‘ Efficiency
o Coupling Saved o
51 0.3813 ® . . /0 00000
oleo®l - Time (sec) | Time (sec)
Original 904
Parallel (13 proc) 110 794 87,830/0 oty 0ne
500 H > 1 | | | | | | |
OoE . ® . S ¢ s @ Theoretical ® Ideal * Experimental
100 { S 000000000050 400005000
@ Theoretical ® Experimental
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MPI1/2 implementation =

o MPI 2 Implementation

>

>

The number of processes for OASIS is defined as argument of
the mpiexec command

An ad hoc communicator is created to collect all of the OASIS
processes

The process with rank O is identified as OASIS master process

mpiexec —n 13 oasis.x —maxnp 48 ...

o MPI 1 Implementation

>

>

The number of processes for OASIS is still defined during the
mpiexec execution

The ranks of the master processes for each model involved in
the coupling are established taking into account the number of
processes for OASIS

No new communicator is created

mpiexec —n 13 oasis.x : -n 20 echam5 : -n 1 opa.xx : —n 14 opa9m
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Model Validation

The parallel implementation has been verified with a bit-to-bit

comparison against the output got from the original OASIS3 version
after a 2 month simulation with restart file.

The current version has been tested only on a subset of the
whole

available transformations. Namely: _ _
d Interpolation transformations:

QTime transformations: » SCRIPR
» LOCTRANS v DISTWGT
v' AVERAGE v" CONSERV
dPre-processing transformations: v BILINEAR
> MASK v BICUBIC
> EXTRAP d Cooking stage:
v NINENN » CONSERYV
> INVERT v' GLOBAL
> BLASNEW (only
CONSTANT)
O Post-processing transformation:
» REVERSE
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“M “ Pseudo-parallel OASIS3 vs parallel OASIS3 oy
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Pseudo-parallel

allows ad hoc fields distribution

distributed management of coupler
communication with models

different configuration and auxiliary
files have to be created by the user

available only with the MPI1 CLIM
communication technique

Parallel

a single instance of namcouple and
auxiliary files is needed

available with MPI1 and MPI2 CLIM
communication techniques

allows the user to change the
number of oasis processes simply
modify the mpiexec command line

master process can represent a
bottleneck (due to communication or
memory issues)

load balance is not optimized due to
a coarse grained parallelization

em dém (¥ (¥e (e

7/6/2009

OASIS User Meeting - May, 2009 - CERFACS, Tolouse 20



(e

Next steps

Further optimization of the OASIS on the vector machine
we still have almost 40% of memory bank conflicts

Evaluation of Oasis4 and integration of per-field parallel
approach

Performance evaluation of parallel OASIS3 on scalar
architecture IBM power6

Parallel coupler validation on the whole set of available
transformations

Comparison with other couplers such as the NCAR csm Flux
coupler

V

|[l
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Further information

> More information about the implementation are available on the

following Research papers:

OASIS3 : Analysis and Parallelization

http://www.cmcc.it/publications-meetings/publications/research-papers/rp0052-sco-01-2009

Oasis3 parallel version: Performance Analysis
(work in progress)

» Contact us:

Euro-Mediterranean Center for Climate Change (CMCC)
Scientific Computing and Operations (SCO) Division
Director prof. Giovanni Aloisio

e-mail; sco-hec@cmecc.it
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