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i) Stellar Explosions

Stellar life cycle

Evolution as a function of mass
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i) Core-Collapse Supernova Stellar life CyCIe

1011
1010 §
100 §
10°
107 £
106 | '

105 | Neutron capture
104 |
102 |
102 |
10! |
100 §
10-1 |
10-2 |

10—3 1 | 1 1 |
100 150 200

Atomic mass

—
©
o
—

Il
&
b
~
1]
Q
a
©
e}
(=
3
0
<q

npa’pJeAley eipueyo

From primordial abundances of roughly H (75%),
o .
W CIWIYA e (25%), (very) small amount of Li Adapted from Asplund 2005

0.018 — 0.08 Mg

Y PROTOSTAR BROWHN DWAR

Birth




) Stellar Explosions Stellar life cycle

Evolution as a function of
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i) Stellar Explosions

Core-collapse supernova

e General idea:

 Implosion of iron core of massive A > 8\ at the
end of thermonuclear evolution

» Explosion powered by gravitational binding energy
of forming compact remnant:

M\*/ R \ !
B oa3x 109 — ) (2
b =9 X (M@> (lOkm) e

M Mass of remnant

GRAVlTY BOMB' R Radius of remnant
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i) Core-Collapse Supernova

Core-collapse supernova
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i) Stellar Explosions

CCSN Explosion Mechanism??

* Discussed explosion mechanisms:

23.05.2012

“Enhanced” neutrino-driven explosion mechanism

Hydro. instabilities: convection, Standing Accretion Shock Instabilities

(SAS|) e.g. Blondin et al. 2003, Blondin & Shaw 2007, Foglizzo et al. 2008, Iwakami et al. 2008,
Marek & Janka 20009, ...

MHD mechanism

Rapid rotation + Magnetic field amplification (Flux compression, winding,

MRI, dynamos) e.g. Akiyama et al. 2003, Wilson et al. 2005, Kotake et al. 2006, Burrows et al. 2007
Winteler et al. 2012...

Acoustic mechanism

Excitation of ProtoNeutron Star (PNS) oscillations by accretion/SASI
generating acoustic power to reheat the stalled shock gurrows et al. 2006,2007

Phase transition induced explosion mechanism

Additional compactification of PNS due to phase transition from hadronic
matter to quark matter jigqal et al. 1971, ... Sagert, Fischer et al. 2009
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. Stellar explosions

* A (very) brief introduction to what we do and why we
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ii) Numerical models & methods

CCSN model

Model's ingredients wish list:

. (no explosions generally in 1D, e.g. Thompson et al. (2003), Rampp &
1 )M U Itl D hyd ro. Janka (2002),Liebendoerfer et al. (2002/2005))

2)P|asma phyS|CS Stars have magnetic fields, e.g. Sun!
3)Weak interactions
4)Neutrino transport

Most of the released gravitational binding energy “available” in form of
neutrinos!

5) N u Clea r phySICS Equation of state describing matter at extreme conditions
6)Genera| relatiVity Very compact and very massive objects!

7)"Accurate” initial conditions
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i) Numerical models & methods

CCSN model

Actual model's ingredients list:

1)Multi-D hydro.
2)Plasma physics

Assume infinite conductivity

~

>

- Parallel 3D ideal MHD code

>

/

3)Weak interactions — = | Spectral leakage scheme

g developed by A. Perego

4 ) N e Utri no tra ns po rt ~ Rosswog & Liebendorfer 2003

5)Nuclear physics
6)General relativity

/) Accurate” initial conditions

23.05.2012

“Not so bad”... 2D simulations shown that vV
contribute only 10-25% to explosion energy

> EoS eg. Lattimer & Swesty 1991,

Shen et al. 1998, Hempel et al. 2011

» Spherical effective GR

potential Marek et al. 2006
+

2D axisymmetric Newton
potential .



i) Methods & Algorithms

The Radiation-MHD equations

Op | Opvi _
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ii) Methods & Algorithms

The Radiation-MHD equations (2)

dp  Opv;
B¢ + D, 0 Mass
0(pv;) s,

(%z u dx; (pvivj + Pulij — bibs) = - ' Momentum

oFE 0 '
— + oz, (B + Py)vj — v;ibib;] = - + (pe), Energy

opY, OY.pv;
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5 + o, (pYe), Electron #

1 b? b*
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23.05.2012
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i) Methods & Algorithms

The Radiation-MHD equations (2)

dp  Opv;
-, T =0
ot 833@ Mass
d(pv;
ot 5 lentum
5] V<o =4nGp | Poisson eq.
El 4-vector 4- momentum Dlstrlbutlon function 9y
N
87
(di) of | (dp ) f (_f) tron #
dr / 0z dr / Op“ 0T ) oy
/ /
(b _ Proper time Absorption, emission, scattering in medium
Relativistic Boltzmann eq. roreachr species
B — (Neutrinos massless! Propagate at speed of light c.) e,..)
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i) Methods & Algorithms

Solution Algorithm: An Overview

. MHD (FISH) «kappeli et al. 2011

* Split hydro. and magnetic variables update

* Dimensional splitting: solves egs in 1D

e Uses dim.-split constrained transportfor vV -b6=0
i. Radiative transfer (ELEPHANT)Liebendsrer et al. 2009

* Full transfer NOT feasible in 3D (3+3+1=7 dim. problem!)
« Approximation: Isotropic Diffusion Source Approx. (IDSA)

ii.Coupling: Radiation-MHD (FISH+ELEPHANT)
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Implementation details

I. Directional operator splitting

—> Write only 1D update routines

ii. Data rotated so that stencil OPs along contiguous
memory direction
lii.Distributed memory parallelisation with MPI

iv.Overlap communication/computation with non-blocking

communication: persistent communications
In theory... see e.g. Schubert et al. 2011

v. Shared memory parallelisation with OpenMP

23.05.2012 R. Képpeli, CSCS Lugano 17



Parallelisation: MPI

I. Domain decomposition

23.05.2012 R. Képpeli, CSCS Lugano

Physical boundary
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Parallelisation: MPI

I. Domain decomposition
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Parallelisation: MPI

I. Domain decomposition

| Physical boundary
I Artificial boundary
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Parallelisation: MPI

I. Domain decomposition

> Direction of update & Artificial boundary
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
I perform conputati on on center
cal | update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z < p I copy received data and perform update on boundary
y INeft
/: 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
/ call update(u_right, nx_right, ny, nz)
|| solution u at t" lcopy left and right data to center
. . u(...) = u_left

I solution u at ¢ +1 Stencil of update | u(::} = imrigh

I corrupted data < <

communicate data R. Képpeli, CSCS Lugano 22

| empty data




iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright = u(...)
lcopy data into sending buffer and initiate comm
- call comm npi startall (nx% equest s)
I perform conputati on on center
cal | update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z “« > < > I copy received data and perform update on boundary
y INeft
/: 2 xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
/ call update(u_right,nx_right, ny, nz)
|| solution u at t" lcopy left and right data to center
. . u(...) = u_left

I solution u at ¢ +1 Stencil of update | u(::1) = ti=righ

I corrupted data < <
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright = u(...)
lcopy data into sending buffer and initiate comm
- call comm npi startall (nx% equest s)
I perform conputati on on center
cal | update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z b < T I copy received data and perform update on boundary
y INeft
/: 2 xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
/ call update(u_right,nx_right, ny, nz)
|| solution u at t" lcopy left and right data to center
. . u(...) = u_left

I solution u at ¢ +1 Stencil of update | u(::1) = ti=righ

I corrupted data < <
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_left u u_right
.y o> <
Q‘» ) xb  3xb

| Isend buffer left
[ ]send buffer right

_Irecv buffer left
_recv buffer right

"] solution u att™

I solution u at ¢* 11!
I corrupted data
communicate data
| empty data

//!sweep in x-direction

lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)

lcopy data into sending buffer and initiate comm
call comm npistartall (nx% equest s)

'perform conputation on center
cal | update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I copy received data and perform update on boundary
INeft

call update(u_left,nx _|eft,ny,nz)
I'right
call update(u_right,nx_right, ny, nz)
lcopy left and right data to center
u(...) = u_left
u(...) = u_right

A
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_left u u_right
.y o> <
Q‘» ) xb  3xb

| Isend buffer left
[ ]send buffer right

_Irecv buffer left
_recv buffer right

"] solution u att™

I solution u at ¢* 11!
I corrupted data
communicate data
| empty data

//!sweep in x-direction

lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)

lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)

'perform conputation on center
cal | update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I copy received data and perform update on boundary
INeft

call update(u_left,nx _|eft,ny,nz)
I'right
call update(u_right,nx_right, ny, nz)
lcopy left and right data to center
u(...) = u_left
u(...) = u_right
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
I perform conputati on on center
cal |l update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z , <> ) T :Icg]p%/ recei ved data and perform update on boundary
/: Xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
call update(u_right,nx_right, ny, nz)
=1 solution u at t” send buffer left | ot and riant data :
i n+1 Esend buffer right u((:f)_p?/) g u_?gft” ° ata to CEnter
] solutionu at ¢ u(...) = u_right
B corrupted data .~ Irecv buffer left 4
[ Irecv buffer right 27

communicate data
| empty data




iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
I perform conputati on on center
cal |l update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z , <> ) T :Icg]p%/ recei ved data and perform update on boundary
/: Xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
call update(u_right,nx_right, ny, nz)
=1 solution u at t” send buffer left | ot and riant data :
i n+1 Esend buffer I'ight u((:f)_p?/) g u_?gft” ° ata to CEnter
] solutionu at ¢ u(...) = u_right
B corrupted data .~ Irecv buffer left 4
[ Irecv buffer right 8
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
I perform conputati on on center
cal | update(u, nx, ny, nz)
Iwait for conmunication to conplete
call commwaitall (nx% equests)
z , <> ) T :Icg]p%/ recei ved data and perform update on boundary
/: Xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right
call update(u_right,nx_right, ny, nz)
=1 solution u at t” send buffer left | ot and riant data :
) n+1 Esend buffer I’ight u((:f)_p?/) S u_?gft” ° ata to CEnter
] solutionu at ¢ u(...) = u_right
B corrupted data __recv buffer left 4
[ Irecv buffer right 29
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_left u_right

.

| Isend buffer left
[ ]send buffer right

___Irecv buffer left
[ Irecv buffer right

"] solution u att™
I solution u at ¢* 11!
I corrupted data
communicate data
| empty data

//!sweep in x-direction

lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)

lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)

'perform conputation on center
cal | update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

l'copy received data and perform update on boundary
INeft

call update(u_left,nx _|eft,ny,nz)
I'right
call update(u_right,nx_right, ny, nz)
lcopy left and right data to center
u(...) = u_left
u(...) = u_right
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_left u_right

.

| Isend buffer left
[ ]send buffer right

___Irecv buffer left
[ Irecv buffer right

"] solution u att™
I solution u at ¢* 11!
I corrupted data
communicate data
| empty data

//!sweep in x-direction

lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)

lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)

'perform conputation on center
cal | update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I copy received data and perform update on boundary
I'Nleft

call update(u_left,nx _|eft,ny,nz)
F'right
call update(u_right,nx_right, ny, nz)

lcopy left and right data to center

ug...g = u_IefL
u(...) = u_right
A

31




iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /i sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
I perform conputati on on center
cal | update(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z , <> l > :ICgP%/ recei ved data and perform update on boundary
/: Xb 3 xb cal | update(u_left,nx_|eft,ny, nz)
X F'right
call update(u_right,nx_right, ny, nz)
=1 solution u at t” send buffer left | ot and riant data :
i n+1 Esend buffer I’ight u((:opy) g u_?gft” ° ata to CEnter
] solutionu at ¢ u(...) = u_right
B corrupted data __recv buffer left 4
[ Irecv buffer right 32
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /' sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
P -
I perform conputati on on center
cal | updat e(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z PES < > I copy received data and perform update on boundary
y INeft
/: Xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right

call update(u_right,nx_right, ny, nz)

=1 solution u at t” send buffer left | ettt data :

i n+1 Esend buffer I’ight 'uf?l_o?/) S u_?gft“ . atd to Certet
] solutionu at ¢ u(...) = u_right
B corrupted data __Irecv buffer left 4
[ Irecv buffer right 33
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_Ieft u U_I’Ight /' sweep in x-direction n
lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)
lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)
- -
I perform conputati on on center
cal | updat e(u, nx, ny, nz)
I'wait for communi cation to conplete
call commwaitall (nx% equests)
z PES < > I copy received data and perform update on boundary
y INeft
/: Xb 3 xb cal | update(u_l eft,nx_left, ny, nz)
X I'right

call update(u_right,nx_right, ny, nz)

=1 solution u at t” send buffer left | ettt data :

i n+1 Esend buffer I’ight 'uf?l_o?/) S u_?gft“ . atd to Certet
] solutionu at ¢ u(...) = u_right
B corrupted data __Irecv buffer left 4
[ Irecv buffer right 34
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iif) Implementation & Paralelisation

Parallelisation: MPI

I. Overlapping communication/computation

u_left

u_right

lrotate data locally
I perform sweep in physical
sweep

lrotate data locally
I perform sweep in physical
sweep

y-direction

z-direction

by
| solutionu att”
1 solution u at ¢!
I corrupted data

communicate data
| empty data

4“+»r <>

xb 3 xb
| Isend buffer left
[ ]send buffer right

___Irecv buffer left
[ Irecv buffer right

//!sweep in x-direction

lcopy data fromcenter to left and right data
u_l eft u(...)
u_right u(...)

lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)

perform conputati on on center
1 update(u, nx, ny, nz)

it for conmunication to conplete

I'right
call upd

ug.. g = efL
u(. . = u_r\ght
A 4
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(Strong) Scaling: MPI

FISH (MHD): 600x600x600 zones

Speed-up Efficiency
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(Strong) Scaling: MPI (2)

FISH+ELEPHANT (Radiation+MHD): 600x600x600 zones

23.05.2012

Speed-up Efficiency
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Performed on Cray XT5 @ CSCS
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Performance?

I. Decrease in efficiency mainly due to:

* Large stencil

—> Modify algorithm? Yes! BUT the decrease is (just)
postponed...

* Overhead from overlapping comm./computation
finally dominates

—> Use OpenMP on nodes and MPI for inter-node
communication?

23.05.2012 R. Képpeli, CSCS Lugano 38



iif) Implementation & Paralelisation

Parallelisation: MPI+OpenMP

I. Overlapping communication/computation

lupdat e
I'series of |oops
u_lef
do k=1, nz
do j =1, ny
call update_ 1(u(:,j, k), nx)
enddo
enddo
do k=1, nz
do | =1, ny
call update 2(u(:,j, k), nx)
enddo
enddo
7 soly -
1l solu

\

\_\rig ht
N\

xb

update

I corrupted data
communicate data
| empty data

R. Kiéppeli, CSCS Lugano

//!smeep in x-direction

lcopy data fromcenter to left and right data
uleft = u(...)
uright =u(...)

lcopy data into sending buffer and initiate comm
call comm npi startall (nx% equest s)

I perform conputation on center
cal |l update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I copy received data and perform update on boundary
INeft

call update(u_left,nx _|eft,ny,nz)

I'right

call update(u_right,nx_right, ny, nz)

lcopy left and right data to center
u(t...) = u_left

u(...) u_right
A
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i) Implementation & Paralelisation

Parallelisation: MPI+OpenMP

I. Overlapping communication/computation

lupdat e

I'series of |oops

I $OVWP PARALLEL DO

' $OVP SHARED( u)

I $OWP PRI VATE(] , k)

' $OWP FI RSTPRI VATE( nx, ny, nz)

u lef

\

X

right

do k=1, nz
do j =1, ny
call update_ 1(u(:,j, k), nx)
enddo
enddo
I $OMP END PARALLEL DO
I $OVP PARALLEL DO
| $OMP SHARED( u)
| $OMP PRI VATE(] , k)
' $OVWP FI RSTPRI VATE( nx, ny, nz)
do k=1, nz
do | =1, ny
cal | update 2(u(:,j,k),nx) [ »
enddo
enddo xb
I $OMP END PARALLEL DO
| solu
] solu._ Jupdate

I corrupted data
communicate data
| empty data

R. Kiéppeli, CSCS Lugano

//!sweep in x-direction
lcopy data fromcenter to left and right data
uleft =u(...)
uright = u(...)

lcopy data into sending buffer and initiate comm

call comm npistartall (nx% equests)
\!perfornwconputation on center
cal |l update(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I copy received data and perform update on boundary
INeft

call update(u_left,nx _|eft,ny,nz)
I'right
call update(u_right,nx_right, ny, nz)

lcopy left and right data to center
u(...) = u_left

u(...) = u_right
A
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i) Implementation & Paralelisation

Parallelisation: MPI+OpenMP

Overlapping communication/computation

//!update h
I'series of |oops
| $OMP PARALLEL DO ;
u_lef right
— :g% SEI'IA\F;E'I?(EI(JJ) K \-\ g /l sweep in x-direction D
! $OWP FI RSTPRI VATE( nx, ny, nz) lcopy data fromcenter to left and right data
dodg—jl,zgzny u_l ef t = u(...)
cal |l update_1(u(:,j,k),nx) u_right =uC...)
engggdo lcopy data into sending buffer and initiate comm
call comm npistartall (nx% equests)
I $OVMP END PARALLEL DO
| SOVP PARALLE I perf orm conput ati on on center
I $OVMP SHARE
I $OMP PRI VATE
I $OWP Fl RSTPRI
do k=1, nz
do |
cal |
enddo
enddo _
' $OVP END PARALLEL DO cal | update(u_right, nx_right,ny, nz)
| /solu --- lcopy left and right data to center
[:} | u(...) = u_left
SOIU_ u(...) = u_right
Il corrupted data
communicate data R. Képpeli, CSCS Lugano 41
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(Strong) Scaling: MPI+OpenMP

23.05.2012

FISH (MHD): 600x600x600 zones

Speed-up

Efficiency

MPI+OpenMP ]
| %8 threads/MPI
>l Pure MPI '

Efficiency (normalized to 216 processes)

Speed-up (normalized to 216 processes)

. . . 0.5 . . L
2000 4000 6000 8000 2000 4000 6000 8000
#processes #processes

Performed on Cray XT5 @ CSCS
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(Strong) Scaling: MPI+OpenMP (2)

FISH+ELEPHANT (Radiation+MHD): 600x600x600 zones

Speed-up Efficiency

N
(8]

08 ¥ L I REIRII CRIEIRIRI
MPI+OpenMP

12 threads/MPI

N
o

0.6

—
(8]

Pure MPI

o4t ZRERREE SRAREE SRR D

—
o

ool - . _—

)]

Speed-up (normalized to 216 processes)
Efficiency (normalized to 216 processes)

. . . . . 0 . . . .
2000 4000 6000 8000 10000 12000 2000 4000 6000 8000 10000 12000
#processes #processes

Performed on Cray XT5 @ CSCS
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OpenMP

I. May introduce additional problems (race conditions...)
» Compare results carefully and/or use software tools
Ii.Performance issues

» (False) sharing bad
* Overhead (parallel region initialisation)

lii.Minimize serial part(s)

* Running at (1/#cores) efficiency in serial part!

23.05.2012 R. Képpeli, CSCS Lugano 44



OpenMP

I. May introduce additional problems (race conditions...)
» Compare results carefully and/or use software tools
Ii.Performance issues

» (False) sharing bad
* Overhead (parallel region initialisation)

lii.Minimize serial part(s)

* Running at (1/#cores) efficiency in serial part!
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I. May introduce additional problems (race conditions...)

OpenMP

lupdat e

I'series of |oops
' $OW PARALLEL DO I F (. not.
. I $OVWP SHARED( u)
T FJ | $OMP PRI VATE(] , k)
. | $OVP FI RSTPRI VATE( nx, ny, nz)

' $OVP END PARALLEL DO

I $OVP PARALLEL DO I F (. not.

I $OVP SHARED( u)

| $OMP PRI VATE(] , k)

| $OMP FI RSTPRI VATE( nx, ny, nz)
do k=1, nz

i do it
”II\ 0cJaII 3%date_2(u(:,j,k),nx)

enddo
enddo
e ! $OVW END PARALLEL DO

smal |)

fully and/or use software tools

//!sweep in x-direction

call comm npi startall (nx% equest s)

|C)r I perform conputati on on center
smal |) cal | updat e(u, nx, ny, nz)

I'wait for communi cation to conplete
call commwaitall (nx% equests)

I'Nleft

call update(u_left,nx _|eft,ny,nz)
I'right

) E}ff cal I update(u_right, nx_right, ny, nz)

er

23.05.2012

Overhead dominates!

lcopy data fromcenter to left and right data

dod(l;:jl’zgzny u_l ef Lt = u(...)
o caII’update_l(u(;,j,k),nx) u_right =u(...)
engggdo lcopy data into sending buffer and initiate comm

I copy received data and perform update on boundary

N

R. Kiéppeli, CSCS Lugano
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OpenMP

I. May introduce additional problems (race conditions...)
» Compare results carefully and/or use software tools
Ii.Performance issues

» (False) sharing bad
* Overhead (parallel region initialisation)

lli.Minimize serial part(s)

* Running at (1/#cores) efficiency in serial part!
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OpenMP

I. May introduce additional problems (race conditions...)

/! updat e
W e @ [ oo fully and/or use software tools
I $OVWP PARALLEL DO IF (.not. snall)
. ' $OMP SHARED( u) /!sweepin x-di rection D
1l P | $OVP PRI VATE(] , k)
. ! $OVP FI RSTPRI VATE( nx, ny, nz) lcopy data fromcenter to left and right data
dodg—jl, any uleft = u(...)
=1, i ght =
°® call update_1(u(:,j, k), nx) -9 u( )
enddo lcopy data into sending buffer and initiate conm
enddo cal | comm npi startal |l (nx% equest s)
o I $OVP END PARALLEL DO ior
I perform conput ati on on center
| SOVP SHARED( u)
' SOVP PRI VATE(] , k) Iwait for communication to conplete
iqulyElFL?STPRI VATE( nx, ny, nz) cal | comm waitall (nx% equest s)
[ ] T !:1 g
”I _ I\ doc{al - E%dat e 20u(:.i . K).nx) S) : Icglg)%/ recei ved data and perform update on boundary
enddo cal | update(u_l eft,nx_|eft, ny, nz)
enddo I'right
e ! $OW END PARALLEL DO ) eff cal | update(u_right, nx_right,ny, nz)
A
4
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OpenMP

I. May introduce additional problems (race conditions...)

/! updat e
W e @ [ oo fully and/or use software tools
I $OVWP PARALLEL DO IF (.not. snall)
. ' $OMP SHARED( u) /!sweepin x-di rection D
1l P | $OVP PRI VATE(] , k)
. ! $OVP FI RSTPRI VATE( nx, ny, nz) lcopy data fromcenter to left and right data
dod(lg—jl, gzny uleft =u(...)
=1, i ght =
°® call update_1(u(:,j, k), nx) -9 u( )
enddo lcopy data into sending buffer and initiate conm
enddo cal | comm npi startal |l (nx% equest s)
o I $OVP END PARALLEL DO ior
I perform conput ati on on center
| SOVP SHARED( u)
' SOVP PRI VATE(] , k) Iwait for communication to conplete
hg%ﬁ:}?grpm VATE( nx, ny, nz) cal | comm waitall (nx% equest s)
[ ] T !:1 g
”I _ I\ doc{al - 3>p/dat e 20u(:.i . K).nx) S) : Icg?%/ recei ved data and perform update on boundary
enddo cal | update(u_l eft,nx_|eft, ny, nz)
enddo I'right
e ! $OW END PARALLEL DO ) eff cal | update(u_right, nx_right,ny, nz)
A
4
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OpenMP

I. May introduce additional problems (race conditions...)
» Compare results carefully and/or use software tools
Ii.Performance issues

» (False) sharing bad
* Overhead (parallel region initialisation)

lii.Minimize serial part(s) I _

* Running at (1/#cores) efficiency in serial part!
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OpenMP

I. May introduce additional problems (race conditions...)
» Compare results carefully and/or use software tools
Ii.Performance issues

» (False) sharing bad
* Overhead (parallel region initialisation)

lii.Minimize serial part(s) I _

* Running at (1/#cores) efficiency in serial part!

The End, Thanks!
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