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The tools
Introduction
Paraver
Applied research: clustering and sampling
Analysis examples
Dimemas
Simulation examples

Some GPUs examples
GPUSs
HMPP

Extrae support
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Since 1991
Based on traces
Core tools:

Paraver — offline trace analysis I::::::Iul:m:l-ill_ilum
Dimemas - message passing Simulator ™"/ fiwet
Extrae — instrumentation T
Detail and intelligence ::HH::H:HH; _ ;
analysis of applications at large scale .mn'u|u||”ﬁfj,ﬁ; i1

intelligent online data reduction
mixed instrumentation and sampling
advanced modelling/prediction
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Why traces?

Variability I1s important

along time, across processors

Higly non-linear systems

microscopic effects may have
macroscopic impact

THRERD 1,1,1
THRERD 1,2,1
THRERD 1,3,1
THRERD 1,4,1
THRERD 1,5.1
THRERD 1,6,1
THRERD 1,7.1
THRERD 1,6,1
THRERD 1,9.1

THREAD 1.10.1
THREAD 1.11.1
THREAD 1.12.1
THREAD 1,13,1
THREAD 1.14.1
THREAD 1,15,1
THREAD 1.16.1

win_1 @ test_s16p.chopl.shifted.1.prv

150,72 uz 226,45 us

IN1 45 us

Jseful Duration @ Specfem3D_192.useful 'f'lu's'hnsfn's_.'

X-Axis _Semantic 1 | Statistic % Time = Begin time:  0.00 us

End time:  3028474778.36 us

Cantrol Window: State Duration | Data Window: — |
o [a
e |
- =i
" =
T E
~H e o
- W
[ |
4 - ll
- 1Y
N ; =
1 '_'
- L
o '

.

[ i

w
Fepeat | alitrace |  Alwindow | Analvze | ok | =

Min [0 M | 000000 & [Booo | min [Doo M [ 3495 E|
Min Yalue IjMINDDUBLE Wazs value IEMAXDDUBLE 20|

Jrd Windov: Useful =1 | =]

Wiy |:u Max |9 & |:1

| )(' Useful Duration @ trace_512.chopl.prv.gz
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Paraver — Performance data browser

ERaW data Goal = Flexibility

. No semantics

l . Configurable
Timelines

Floen fWHMI @i ; i e Identifier of function
’ | ’ Ml Performance (IPC, Mflops...)
sl Routine duration

\ Statistics

—— Profiles
Average miss ratio per routine
Histogram of routine duration
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Raw events - Piece-wise constant functlons of time 9 plots / colors
. Basic metrics

fim

HI ‘Instructions

Color encoding

S

q i MPIcall® CPMD_A_32.prv

177282.6

¥ Useful Duration @ CPMD_A_32.prv

MPI calls

Useful duration

. . MPI —_ MPI Ca’"dura\tlon
. Derived metrics callcox™ "~ pytes
instr | | '
useful pc.= ———CLluseful |
cycles i
fi= cycles
Models | preempted, .=¢elapsed— clglc—kf
. req
Lo _ cycles—instr/ideallPC [l

miss Iatency_ L2misses

fil |
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2D

3D

Profiles

Histograms

Correlations
Communication Patterns

#|Useful Duration @ CPMD_A_32.pry

Duration - IPC

#|Useful Duration @ CPMD_A_32.pry

Control Window: MPlcal =]

MPI call profile @ CPMD

X-Axis | Semantic —i | Statistic

% Time Not Zsro i |

Fepeat | _ Altrace |

Data Window:

A window |

Analyze

X-fxis _ Thread -_J'I Statistic Average value
Control Windovr: State curation J Data Window: Instructions per cycle _I

Begintime:  0.00 us

End time; 58843229538 us.

X-Axis _Tead | statistic Average vale

Cantrol Windaw: Stateduration S| Data Window:

Tt L 5|

| =

)= =

Not deﬂngd S

Al wirdow |

Hin ]23 Mo _I?zaazsa a3

[ & I?m-én*_a ﬂ Min ]"2_130

| antrace | siwindow | Arelyee

Min Value I MINDOUBLE

o Value |§MA>< DOLBLE

18 1= | | -

& [6150s

e [B2s21752 8

Ird Window:

Min Ve [MINDOUBLE b vaie [fexpoUBLE

Fixed Value: | e i |

e Running

X-Awis  Semantic i | Statistic % Time. =u|

Contval Window: State Duration = |  Data Window!

End time;

Useful Duration @ Specfem3D_192,useful_flush.sms.prv

Begin time: 0,00 us

3028474778.36 us

L || | = = e 5

alf| [ :

-] e

!l 'eci i

E B .

L1 Wi . -

m = ' 1

lr=1|' LRIl =

- Repeat e e e ok |
LI win [B wax [ o00000 & [boooa P win [Doo

MPI call profile @ Specfem3D_192.chopl.pr¥

aoa

e
e T 25 E|
£

X-Axis Thread Statistic #5ends I

| Control Window: MF\DaH_I Data Windove:

Begin
End t

v |7 E s m = s 5]

[( 'T'HBEAII] 1.76.1 ,TI:[READ 1.7EIi.1 DEN = |

5|

Mm|§3 Max|§as Glil

e

hin size I}MINDDUBLE

Max size I;MMDDUELE Min tag IEMINDDUELE

v ]
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Tools integration: CUBE + Paraver

X Cube 3.0 QT: RemoteTraceBrowsing/n_solve_2-5.cube.gz

= ][m] [x]

File Display Topology Help
Absolute

Metric tree

B [] 0.00 Time
& @ 52.44 Execution
& []0.00 MPI
Br [ 0.00 Communication
= 0.02 Collective
[ 0.00 Early Reduce
(1000 ste Broades

1 0.68 Vvait Athlx

o @170

FO0ooo
- [0 0.00 Inft/Exit
= [ 0.00 Synchronization
& [] 0.00 Barrier
[]0.00 Barrier Completion
[ 0.00 VWait AtBarrier

LEio9 Messages in VWrong Order

L4

Absolute

Call tree = Flat view

& []0.00 solve_nmm (0.00%)

- [ 0.00 wrf_get_myproc

GF [ 0.00 wrf_dm_on_monitor
[ 0.00 wrf_get_dm_communicator
-1 0.00 wrf_get_nproc
-1 0.00 buckets

e [ 0.00 rsl_lite_init_exch

G [ 0.00 rsl_lite_pack

e+ [ 0.00 rsl_lite_exch_y

o+ [ 0.00 rsl_lite_sxch_x

- [ 0.00 wrf_message

e+ [ 0.00 reftemp

[ 0.00 chend

[10.00 wrf _get_dm_communicatg

[ O .58 MPI_Alreduce

[0 0.00 _module_advection_NMOD_had)

L O 0.00 Overhead ) o
L @ 2.53e5 Vists = e
v w
£ L & <L
0.00 0.68 (1.14%) 60.24

too 0.68 (100.00%) 0.68 i

Absolute v

Systemtree Topology 0 < >

&+ [ - Mare Mostrum ~
& [ - s32c30b07 [

<« 0.01 Process 0
00T Process

0.01 Process 2
0.01 Process 3
o+ [El 0.04 s32c2b13
- [ 0.04 s32c2b11
e [E 0.03 s32c2b10
&+ [ 0.06 s31cdb10
e @ 0.05 s31c3b14
- [ 0.06 831e3b11
& [ 0.04 s31c3h09
k
B
c
£
c

4 [ 0.05 s25c1bi0
- [E 0.04 s25c1b0g
3 [ 0.05 e25c1b08
¢ [@ 0.04 s25c1b07
1 [H 0.03 s25c1b0E

b RO AT A0 A4 LN
Fi stateasis @ solve_2-5.prv <3»

WHY? “Connect
to trace browser”

Max severity in
trace browser

) 1.1

<

Drive Paraver from an external tool

S ey

E

A

Duration

Allreduce
(after sync)

imbalance
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Highlight structure

Clusters injected in trace

Phases vs. routines
Counters projection

Statistics

Models (CPI

stack)

NOISE
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster §
Cluster B

L

CN=N Bol

chopl.clustered.prv

X Gnuplot
DBSCAN {Eps=0,015, HinPoints=10}
Trace 'gronacs—64-debug-nucleosone.chopl,.clustered.prv'
1,2e+08
+
1e08 [ i
+
i cluster id @ or
] Be+07
P
o
ES
8
@ Ge+7
5
pe
o
4 -
@
S de+07 |
2e+07
e ‘?!3—.._4—
TR B E AN
06 0,7 08 049 1
0,868400, B,62752e+07

DBSCAN (Eps=0.01, MinPoints=20) clustering of trace WRF-128-Pl_chop2.trf

CLUSTER 1 4 5
0.8
%TimME  H4.88 17.96 16.90 6.44 1.42 e
Ava. Burst Dur. (Ms) 1.02 0.78 13.14 2.50 1.11 g -«
2 os
IPC 102 0.65 0.89 0.91 0.53 g oK W R F
o
MIPS  2231.8 14233 1966.5 2001.8 1163.0 §
MFLOPS 3302 463 1916 2692  23.6 g 04 - 2
= %
LIM/KIxst  0.92 1.53 1.19 L17 288 N L 4 =
—C o x X
L2M/KInsTR 0.06 1.26 0.06 0.35 0.21 02 ’ ]
= -, : ]
Mem.BW (MB/s) 1679 21847  13.87 8577  20.76 €l Stack Modelization ;& : :
100% IS : 3
0 — :
- 0 0.1 0.2 =
Stall by FPU L1 Misses
instruction and
5% others
B s¢ai1 by FXU
instruction
50% B stall by LsU
instruction
B Completition
. Table Empty
= B Completition
Cycles
0%
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
INRIA Sophia Antipolis, June 2011 9 @




X Gnuplot el
DBSCAM {Epz=0,01. MinPoints=10%
Trace 'traced,chopl_clustered.pryv’
1.6e+10 NOISE  +
Cluster 1 =
Cluster 2
1.4e+10 Cluster 3 O
Cluster 4 =
Cluster 5 ©
Cluster 6 #
1.2e+10 Cluster 7 =~
o= Cluster 8 &
g Cluster 9
= 1e+10 Cluster 10
g Cluster 11 ¢
a Cluster 12«
g Ge+09 Cluster 13 +
[m]
-—
=
[}
=
= BE+09 \
w1
= \
=
4103 Huge variability
- on instructions
0= - L =
0 0.5 1 1.5 z2 2.5
IPC
0.638840, 2.64709e+(3

* Cluster id chop2 clustered.prv.gz g @

Most relevant | :

computing . .

regions obtain :
poor IPC

Unbalance due to different number of chunks
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Folding samples — granulanty/ove:head ot e

==y Wi
U a”' | i | i

Application granularity vs. detailed granularity
Samples
hardware counters + callstack

Folding

reduce sampling frequency / overhead
based on known structure: iterations,
routines. clusters Original sampled instructions

Ei Instructions @ bt.B.16.100mcycles.1-7samplingcallers-ref.prn - O X

Task 0 Thread 0 - tree_build.0
Duration = 1233.49 ms Counter = 138486.13 Kinstructions

0 0.2 0.4 0.6 0.8 1

1 T T T T 700
@ +‘jf 600
.%, 0.8 TSETIITLEL uz TORTET2,O5 us
g 1°% Fi Folded instruc— 0O p X1
B 067 {40 :
j o0 = Detailed fine grain
.3 1++ - - - -
AWk instructions within
E 02} . -
: Lo om0 one iteration

0 y s Clirve ftt g slope —— 0

0 0.2 04 0.6 0.8 1

Normalized time

INRIA Sophia Antipolis, June 2011 11 @



4 Vi) o i ey F\ .

- l’: ‘T!..ll,hll‘-

Task 4 Thread 0 -- COPY_FACES:[{copy_faces.f}:{4,7}-{320,9}] Task 4 Thread 0 -- COPY_FACES:[{copy_faces.f}:{4,7}-{320,9}]
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1 T T T T 2 1 6
0.9 _—> "
0.8 - £ 0.8 -
-1 15
0.7 -
z 4y
' 0.6 =l
2 o6} 5 i 2
| (o = 3 |
R ! =z 05f =
= z il & < v, Fa
] o a5 0.4 - 5 -
T 04 e 5 < £
£ + ® & 03 a
g =]
gy @ 0.2 F 1w
0.2 5 i 0.1
Sampl + - Samples + | 0
Curve fitting 0 s Curve fitting
Culve fitting slope ——— Curve fitting slope
0 1 1 1 1 W] -0.1 1 1 | 1 1 1 1 | 1 <1
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Norrfpalized time Normalized time
Task 4 Threaq 0 -- COPY_FAQES:[{copy_facgs.f}:{4,7}-{30,9}] Task 4 Thread 0 -- COPY_FACES:[{copy_faces.f}:{4,7}-{320,9}]
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.2 0.4 0.6 0.8 1
1 T T T T T T ¥ T T T 2.5 1 T T T T 2
v v
0.9 - 7
0.8 - 42 —> 08
= -1 1.5
0.7 = u
= OI ] EI
8 0.6 - 15 jl z| 0.6 =
| | 0 ] a o
jl 0.5 3 < 3 1 <
= & a5 e
$ o04f 41 8 < 04f o
o [:F] o
03 g °
3 E = W
£ -4 05
0.2 | -4 05 0.2 |
amples  + Samples  +
01l 3 Curve fitting Curve fitting
Curve fitting slope Curve fitting slope
0 | 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.2 0.4 0.6 0.8 1
Normalized time Normalized time
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Folding samples — granularity / overhead

X_solve

% x_solve line number @ bt.B.16.50mecycles.5b.sorted.prv
= i y P

Compute rhs

[Fi Compute_rhs line number @ bt.B.16.50mcycles.5b.sorted.prv

Source line

% x_solve Folded instructions @ bt.B.16.50mcycles.5b.sorted.prv
= z y P

o

Instantanous
MIPS

4 iterations outer loop 4 x_solve_cell backsubstitute

INRIA Sophia Antipolis, June 2011 13 @



Sampling driven by other HWC

Density of L1 misses within MPI in a SMPs: when the

data actually arrives

Fi MPI call @ bt.B.9.10k.L1misses.prv.gz

THREAD 1.1.1 —

THREAD
THREAD
THREAD 1
THREAD
THREAD
THRERD
THREAD

THRERD

[ |

THRERD
THRERD
THRERD
THRERD
THRERD
THRERD
THRERD
THRERD

THRERD

No arrival

Ei MPI call @ bt.B.9.10k.L1misses.prv.gz P M m B

THRERD 1,1,1 0 0

THRERD 1,2.1
THRERD 1,3.1
THREAD 1,4.1
THRERD 1,5.1
THRERD 1,6,1
THRERD 1,7.1
THRERD 1,5.1

THRERD 1,9.1

E=l

THREAD 1,1,1

THREAD 1.2,1

INRIA Sophia Antipolis, June 2011
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inst
Supzim LB . IPC D|_ns ro
Py LBg IPC, instr
; Directly from real execution metrics
eff;
eff.=L LB= 'Zl CommEff= max Ceff ; [
T P *max [ eff .
Tideal

A
-V.-

microLB
microLB,,

su _ P ., macrolLB
P P, macrolLB,

IPC . instr,
IPC, instr

Migrating/local load Requires Dimemas simulation
imbalance

Serialization max [T, [

T
microLB= CommEff= %

ideal
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GROMACS analysis

—o—NAMD 2.7

—@O GMX4_mn_work_nucleo_nsd
ay

—a— GMX4_mn_stop_nucleo_nsd
ay

—m— GMX4_cluster_work_nsday

8 16 32 64 128 256 512 1024

B parallel eff

B comm. Eff

[J load balance

B mico load balance
B comp. balance

& computation

B IPC balance

256 tasks

Main scalability problems:
. Load balance
. Computation balance

4% of code replication

64 tasks already poor efficiency!
. Communication problem

INRIA Sophia Antipolis, June 2011
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Example: ... to details

GROMACS structure, 64 tasks

X Gnuplot -|o
DBSCAN (Ep==0,015, HinPoint=z=10}
Trace 'gronacs-bd-debug-nucleosone,chopl,clustered,prv'
1,2e+08 T T T T T T T T T NOTSE
Cluster 1
Cluster 2
+ Cluster 3
1e+08 i d Cluster 4
Cluster 5
+ Cluster B
i Cluster 7
+ g Cluster 8
T Be+07 | + 1 Cluster 9
jé Cluster 10
o + Cluster 11
S Cluster 12
| J Cluster 13
_g Bet07 Cluster 14
:
-
= de+l7 | E
27 | E
i |
+
R N g
0.6 0.7 0.8 0.9 1 1.1 1,2 1.3 1.4 1.5 1.6
IFC

|L0.868400, E,62702e+07

[ ol Nol

cluster id @ gromacs-64-debug-nucleosome.chopl.clustered.prv <@login3:

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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Example: ... to detalils|

GROMACS PMEs balance / scalability

Trace 'gry

6er07 NOISE +
Cluster 1
Cluster 2
5.80+07 Cluster 3 ®
Cluster 4 =
Cluster 5 o
5.6e+07 Cluster & =
Cluster 7
Cluster &
3 i Cluster 9
H oo Cluster 10
2 Cluster 11 &
3 . Cluster 12
B Cluster 13
5 — Cluster 14 x
B Geso?
S 4sent? m
4.62407 =
+
4,4e407
0.95 1 1.08 il 1.18 1.2 1.2
1pe
L,07874, 4, 835406407
——— o

acs-256-debug-nucl 1e.chopl.1.cl
Trace 'gronacs—256-deb
2ev07 Cluster 1
Cluster 2 Rl o
Cluster 3 Lo .
Cluster 4 . E o i ha '
i Cluster 5 4 Ll
b + o Cluster § -
e Cluster 7 i L g
Cluster 8 ! ! - -3 L B .
3 piPem Cluster 9 an b : by (o
B 07 . = Cluster 10 A+ i ) . ~
g Cluster 11 » — 4 MPicall_c3 256-deb 1 clusteredapmim |
& S oo S Cluster 12 - = : 4 ] = o |
2 o o Cluster 13 d ' L |
5 - Cluster 14 £ |
5 Ldes07 ErEn g Cluster 15 |
B % i
Z . S ] @@ |
120007 e S |
e N em i
. o |
L] |
Senredv: 1533@domde |
+ . |
0.95 1 1,08 a4l 118 2 1,25 N | | P )

ot = MPI_Waitall: 126@demdec_network.c
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Example: ... to details

GROMACS FFTs balance

Instructions imbalance

T EY CILS

DBSCAN {Eps=0,015, Hi Points=10}
Trace 'gronacs—64-debug-nucleoss ae,chopl,.clustered,prv'

0, 844380, 742474,

1.5e+07 | 4
u_ 3
-+l
o -
jo
= 1e+07 | L
2
S
@ +
5 & o+ +
g Se+0E |- +% he ot 4 ]
§ + o+ tt 4+ +
2 . +F T 5 +_ 4w
0F d
0,65 0.7 0,75 0.8 0,85 0.9 0,95 1 1,08
IFE

NOISE
Cluster 1
Cluster 2
Cluster 3
Cluster 4
Cluster 5
Cluster B
Cluster 7
Cluster 2
Cluster 3
Cluster 10
Cluster 11
Cluster 12
Cluster 13
Cluster 14

[ Mol Nol

4 Cluster ID_c1 @& gromacs-64-de
d

THREAD

THREAD
THREAD
THREAD
THREAD
THRERD
THRERD
THREAD
THREAD
THREAD
THREAD

1,3.1

1.7.1
1,101

THREAD 1

THRERD
THREAD
THREAD
THREAD
THRERD

1,.64,1

-nucleosome ~hop1 clustered . prv

L BT T e

IPC Imbalance

INRIA Sophia Antipolis, June 2011
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Example: ... to details

GROMACS: Comparing computation time for FFTs

Fj Useful Duratic= @ groma<= &4-debug-nur:>osome.chor? ~ustered.prv <2> =10 ||

Y_ !Y_‘V :
t ANETA

'W‘WWA'@

64 tasks
(one iteration)

256 tasks E; Useful Durati~.. @ . Jmacs-, 56 L -q r.cleoz. me.chopl.l. clustered prv <2 | =0 |X ]
(2,2 iterations EY.  REw ) <
In the same

time interval, :‘_~_:E:.i_;_'_ _ |

4 times more | 14 HF &

resources) | vmmmw,amv e

Zone 4 has a potentially structured imbalance with scalability
problems (MPI_Alltoallv: 241@fftgrid.c)
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GROMACS Computational load balance

rﬁ Instructions @ Jromacs-64-debug-nuclessome. chapl clustarad prv

X-Axia  Sementic s | Stahistic

64 tasks

LRkl

= j Hegin time: LE L ETEY
End tinwe: 46514056 ua
G_:'H-W_Ihl-. h'nirunli:rn !I M;.-m-s In=tructions - El
[ I -LH | T ]
B |
Il

|l

i

~ |

m Instructi ns @ gromacs-256-debug-nucleosoe ne.chopl. .l clustered pry

H-Awia  Sementic s |

Hegin bane: 0.00 us
- Enel Rii: 170771.79 ua

| DalaWindow: ol =ill| |

256 tasks

Zone 1 does not scale and increases imbalance!

INRIA Sophia Antipolis, June 2011
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Example: Code optimization

Short diagnosis: FrontFlowRed — 256 vs 512 tasks
 Unbalance and MPI time increases

» Sequence of MPI_Allreduce calls
e Poor IPC, high cache misses

X Useful Duration @ trace_256.chop1.prv.gz 1 X Useful Duration @ trace_512.chopl.prv.gz

ol [ X MPI call @ trace_512.chopl.prv.gz ="

|

X MPIcall @trace_256.chop1.prv.oz

I\\h

—_—

THREAD 1.364.1 |

256 512 -
Pal’a||e| efﬂC'en Cy 27% 19% |‘x MPI call @ frace_512.chop1.prv.gz
Load balance 56% 48%

% MPI1_Allreduce avg time 50% 62%

@
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N e e ¥ 5
o s

Modifications In the source code

. Improved load balance — weight nodes based on their
connectivity, balance total weight

. Reduction of all to all communications — half of
MPI1_Allreduce cals were eliminated

. Reduce cache misses — reordering node number

Half an hour meeting for the analysis, few days of
work to modify code = 25% of improvement
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Example: Code optimization

256 tasks — Load balancg

[X Useful Duration @ original.chop1.prv.gz (m] X

| |rx Useful Duration @ optimized.chop1.prv.gz

O X X Useful Duration IPC @ optimized.chopl.prv.gz = »
' | B4 [N >
O X X usefull instructions histogram @ optimized.chopl1.prv.gz m} »
€ B @ [ e m o (O] [mnlxn
E { § ” - B = —'—'-'_”
E < § = =
i 5 -f'_:=' = - ozt _‘E‘-—
£ L = L £
5 S =
: %.‘ = _ S L wE
% E:‘ o s
* X e s :
| A § = 1
[ THREAD 164.1 [400541. 402635) =0 12.1 [224616.226710) =0

INRIA Sophia Antipolis, June 2011
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LT et

V. 4Ar7 W
] ; : I

256 tasks — MPI time

» MPI call @ original.chop1.prv.gz @ [X] * MPI call @ optimized.chop1.prv.gz @ @

o mh o

End ‘ MPI_lsend ‘ MPI_lrecy ‘MPI_WaitaII ‘ MPI_Allreduce End ‘ MPI_Isend ‘ MPI_lrecv | MPI_Waitall | MPI_Allreduce

Total 761781 % 243205% 177221 % 224513 % 11532.74 "{’u: Total 908905 % 310013% 2107.96% 1511.02% 979183 %
Average 29.76 % 9,50 % £.92 Y% 8.77 % 45,05 % Average I/S0% 1211 % 823 % 5.90 % 38.25 %
Maximum 51,85 % 18,11 % 13,00 % 25_!.5_9 o | _5?.59 ":"u Maximum 51.05% 2077 % 1453 % 21.31 % 64,34 %
Minimum 17.59 Y% 1,65 % 1.37 % 1.46 % 14,88 % Minimum 22.99 % 3,47 % 321 % 1.72 % 10,90 %
StDev 8.04 % 333 % 2,39 % 6.05 % 11.03 % StDev 5.92%  362% 261 % 3.89 % 10,13 %
AvgMax 057 | 052| 053 031 0,67 AvgMax 0.70 058 056 0,28 0,59
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Example: Code optimization

256 tasks — Memory access

( )( data from memory at useful @ original.chop1.prv.gz

_ —
(m] X >( data from memory at useful @ optimized.chop1.prv.gz

|‘ ”‘ | |

( f)( L1D misses histo @ optimized.chop1.prv.gz
e B 30 | L& M| A

e B 30 || ® | m| Al m o«

THREAD 1861 [14639.4.14714.9) =0 us

THREAD 1.15.1 [844672.852224) =0 us

INRIA Sophia Antipolis, June 2011
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The tools
Introduction
Paraver
Applied research: clustering and sampling
Analysis examples
Dimemas
Simulation examples

Some GPUs examples
GPUSs
HMPP

Extrae support
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Key factors influencing . . .
performance

Abstract architecture
Basic MPI protocols
No atempt to model details

_ MessageSize N
BW

T L

Objectives
Simple / general
Fast simulations

Network of SMPs / GRID
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Understanding applications

MPIRE 32 tasks, no network contention

|=| mpire32 25_100
. ”

L=25us, BW=100MB/s

mpire32_1000_100

| = mpire32 25 10 i

L=25us, BW=10MB/s

All windows same scale

INRIA Sophia Antipolis, June 2011
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Predicting performance

SPECFEM3D - asynchronous communication?

MPI call @ Specfem3D_192.chopl.prv

Mra =

Real || =it a3

I
LT,

MPI call @ ideal.prv

Tl
Tl

ideal

MPI call @ D.MN.prv

AT

fe

1M 114
s hau

MN prediction ||

MPI cal

@ D.MN.100MB.prv

Prediction 100MB/s|

i fr|

B
(artia,, x8 it Crei,,.0.

illll|

T

IM"

MPI cal

D.MN.10MB.prv

tildg

3

MPI call @ D.MN.5MB.prv

i

277
&

Prediction 10MB/s

v gl Tkl

.
\\\\\\\Q\\\\ 3
S K

Prediction 5MB/s L

2

i 'é.%

MPI call @ D.MN.1IMB.prv

2

S$C2003 Gordon Bell Award
Dimitri Komatitsch Prediction 1M B/S

California Institute of Technology

A 14.6 Billion Degrees of Freedom, 5 Teraflops, 2.5 |
Terabyte Earthquake Simulation on the Earth Simulator

.............................

Courtesy Dimitri Komatitsch
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WRF, Iberia 4Km, 4 procs/node
None sensitive to latency

%

)
c
% —o—NMM 512
T 0.998 —m— ARW 512
E l/'/ \K A NMM 256
N I\/I I\/I 2 0.9% 4 ARW 256
¢ 0004 @ NMM 128
Bw — 256MB/s i B
— & 0.992
o
()]
- . 0.99 ; ‘ ;
512 — sensitive to contention : I
A RW Impact of BW (L=8; B=0)
1.20
BW = 1G B/S 1.00
050 —e— NMM 512
o i : : @ ARW 512
Sensitive to contention : A P
i =8 BW= 2 / / / 4 ARW 256
Contention Impact (L=8; BW=256) o A
0.40 @ NMM 128
1.2 A —e— ARW 128
0.20
1
= ; E ﬁ 5 — s 0.00 :
E 08 ¢ & ARWSI2 4 16 64 256 1024
R T
g —m— NMM 128
g 04 —e— ARW 128
5 o2
4 8 12 16 20 24 28 32 36
Commectivity (B)
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Left: clusters IPC with
different cache sizes

 64KB - 512MB

Right: execution time with
Ifferent network bw and
cache size

e 125Mb/s - 500Mb/s

NAS BT

« Can compensate cache
reduction with more
network bw

VAC, WRF
e Dominated by comp.

Q.70

s -—-—}/"‘J;H—
I:I.M"" FORNP———
g o
~ oz
.100
0,000
vy e e T T g Ty i

Cache Size

B Cjuster 1 Cluster2

(a) IPC per cluster

q’*@%%fﬂfé%ﬁﬁ%%%*%:ﬁ%
e

|“25mn,.rs Fao0mb/s 7 126Mbs |

(k) Execution time

NPE BT Class

C with 64 tasks

Q.50

—i—i—g—u—a————a—a—a—a—a
0.400
0300 'J_"_/’—
E 0,200 _._-_r-l"-i-'—i—I—.—H
0.10a

Q.10
T vg

ulms EEEEEEEEE

e .. 4MB, 250Mb/s

£
e eenes
,

ou  64KB, 500Mbl/s

%’eg%%;’%;%&% Y e T “5?@"5%‘?@

Cache Size

|'."I'.'|Ii¢cf 1 Cluster 2 Cluster 3 Cluster 4 |

{2) IPC per cluster

Py ola w ol P &
o T LR AR -&:“%*‘e,;?%fé{&
Cache Size

|"25w|h,r= E00Mb s ¢ 125Mb/s |

(d) Execution time

WHRE with 125 tasks

Faik g E——a——8
0400
0,000
e e e M g,
Cache Size

1
|‘f_'|um:f 1 Cluster 2 FCluster 3 F Cluser & P Cluster 5 |

IPC

{2) IPC per cluster

Time (s)

0B
oy
0.6
05
0.4

e e e e,

Lache Size

|“zswb,.ri FRpob/s ¥ 126Kb/s |

(f) Execution time
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Fighting Amdahl’s law

GADGET behavior: load balance / dependences?

Real run
B MPI call @ GADGET_A.256.ICE.trace.chop1.prv.gz 1|
- 1B 1 1
1
I |
23TIE12,36 ur 4747624 7T uzx ! :
I-;I :
Ej MPI call @ D.ICE.256.ideal.prv <2> 1
B |
|
I |
4 |
| i
{ K
23T7IE12,36 ur 4747624 7T uzx TI121437 .0 ux
R

|ldeal network: infinite bandwidth, no latency

INRIA Sophia Antipolis, June 2011 33 @



Speeding up all computation burst by CPU ratio

The more processes, less speed up — higher impact of bw
limitations

Speedup Speedup Speedup

64

64 64
¥ « CP CPU
X o 9O o . )
M52 g J N oo 1 rati ratio
S®IE&S9 B8 &I
Bandwidth (MB/s) Bandwidth (MB/s) Bandwidth (MB/s)
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Hybrid parallelization (128 procs)

SBeed up only selected regions
y CPU ratio

%elapsed
time

Speedup Sreedup Speedup

99.11%

S N o

o % 3 g N N o 4 rati

- ® SRS b g I I atio

Bandwdith (MB/s) Bandwdith (MB/s) Bandwdith (MB/s)
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Introduction
Paraver
Applied research: clustering and sampling
Analysis examples
Dimemas
Simulation examples

Some GPUs examples
GPUSs
HMPP

Extrae support
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Understandable to a numerical analyst

void Cholesky( float *A ) {
int i, J, k;
for (k=0; k<NT; k++) {
spotrf (A[K*NT+K]) ;
for (1=k+1; I<NT; i1++)
strsm (A[Kk*NT+k], A[K*NT+i]);
// update trailing submatrix
for (i=k+1; I<NT; 1++) {
for (J=k+1; j<i; j++)
sgemm( A[K*NT+i], A[K*NT+j]., A[J*NT+i]);
ssyrk (A[Kk*NT+i1], A[I*NT+i]);

}

void spotrf (float *A);
void ssyrk (float *A, float *C);

void sgemm (float *A, float *B, float *C);

void strsm (float *T, float *B);
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Compiler translate source to runtime calls

void Cholesky( float *A ) {
int i, J, k;
for (k=0; k<NT; k++) {
spotrf (A[K*NT+K]) ;
for (1=k+1; I<NT; i1++)
strsm (A[Kk*NT+k], A[K*NT+i]);
// update trailing submatrix
for (i=k+1; I<NT; 1++) {
for (J=k+1; j<i; j++)
sgemm( A[K*NT+i], A[K*NT+j]., A[J*NT+i]);
ssyrk (A[Kk*NT+i1], A[I*NT+i]);

}

#pragma omp task inout ([TS]ITSIA)

void spotrf (float *A);

#pragma omp task input ([TS]ITS]JA) inout ([TSIITS]C)

void ssyrk (float *A, float *C);

#pragma omp task input ([TS]ITS]A,[TS][TS]IB) inout ([TSI[TSIC)
void sgemm (float *A, float *B, float *C);

#pragma omp task input ([TS]ITS]T) inout ([TSIITSIBE)

void strsm (float *T, float *B);
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Data flow model — graph generated at run time

void Cholesky( float *A ) {
int i, j, k;

O
Jae)

7 ST
for (k=0; k<NT; k++) { UOI)
spotrf (A[K*NT+k]) ; \,l:!:!!,,

for (1=k+1; I<NT; i1++)
strsm (A[k*NT+k], A[K*NT+i]);
// update trailing submatrix
for (i=k+1; I<NT; 1++) {
for (J=k+1; j<i; j++)
sgemm( A[K*NT+i], A[K*NT+j]., A[J*NT+i]);
ssyrk (A[k*NT+i], A[i*NT+i]);

}

#pragma omp task inout ([TS]ITSIA)

void spotrf (float *A);

#pragma omp task input ([TS]ITSJA) wnout (JTSIITS]IC)

void ssyrk (float *A, float *C);

#pragma omp task input ([TS]ITS]A,[TS]ITS]IB) inout ([TSIITS]C)
void sgemm (float *A, float *B, float *C);

#pragma omp task input ([TS]LTS]T) wnout (JTSIITS]IB)

void strsm (float *T, float *B);

@ @ @ O~
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Same source any target
Possibly optimised tasks
Different implementations

Cholesky @ 1-4 GPUs

Cholesky factorization — GPUSs runtime

Transparent data transfer o j/
Prefetch, double buffer : 5 el
Locality aware scheduler [

0
0 4096 8192 12288 16384 20480

Matrix size

#pragma css task i1nout (A[TS]ITS])
void chol _spotrf (float *A);

#pragma css target device (cell, cuda) copy deps
#pragma css task i1nput (A[TS]ITS], BITS][TS}) 1nout (CITS][TS]))
void chol _sgemm (float *A, float *B, float *C);
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Block matrix storage at CPU

M user functions @ cholesky 024.prv

Source code independent
of #devices I p—

void blocked _cholesky( int NT, float *A ) {

for (k=0; k<NT; k++) {
spotrf (A[K*NT+k]) ;
for (i=k+1; I<NT; i1++)

// update trailing submatrix
for (i=k+1; i<NT; i++) {
for (g=k+1; j<i; j++)
sgemm( A[Kk*NT+1], A[K*NT+j], A[J*NT+i]);

}
}

n=8192: bs =1024

I rri

NB

BS

NB

BS

Spotrf: Slow task @ GPU - In critical path
int i, j, k; (scheduling problem)

BS

#pragma css task input([NB*NB]JA, [NB*NB]B)
void sgemm(float *A, float *B, float *C, unsigned long NB)
{

unsigned char TR="T", NT="N";

float DONE=1.0, DMONE=-1.0;

cublasSgemm( NT, TR, NB, NB, NB, DMONE, A, NB, B, NB, DONE,C, NB );

by

target device (cuda)

BS
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Heterogeneus execution

Spotrf more efficient at CPU
Overlap between CPU and GPU

n=8192: bs =1024

unctions @ cholesky 025.prv

Late start im,_m_im,im_ im r r

#pragma omp task target device (smp)

void spotrf_tile(float *A, int NB)

{
long INFO; Lack of
char L = "L"; overlap
spotrf_( &L, &NB, A, &NB, &INFO );

}
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Cholesky performance

Matrix size: 16K x 16K
BlOCk Size: 2K X ZK rr Task @ cholesky_block 16Kx2K.1GPUs.prv

. Storage: Blocked / contiguous
Tasks:

Blocked

53.352.3244 wa §7.1€1.258 =g

i Task @ cholesky block_16Kx2K.2GPUs.pr S

spotrf: Magma
NIEE I RENNIED I Al |

trsm, Syrk, gemm: CUBLAS emmatUlUDTRRIE ) B0

98.568.417
I T=sk 'gather_block
Task 'potrf_tile'

# 7 Task @ cholesky_block 16Kx2K.3GPUs.prv

Mazter-SME-0 I Task ‘force_copy_to_host’
S T T B Tosk rsm_te
Tosesi-cro-2 | S U (I NNNNY 0 O I I skt

INEINTEEE N . Task 'gemm_tile"
56.866.014 =a Task 'scatter_block’
i Task @ cholesky_black_16Kx2K.AGPUs.pr L e

(LI RIN] RIDL] RIRN ]
Thread-cE0-¢ | IHMIINENI /N HIID N R 1|
58.713.520 wa

Two Intel Xeon E5440, 4 cores

. -
4 Tesla S2050 GPUS Poor scalability, why”
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% running time significally decreases

X 2DP - Thread state @ cholesky_block 16Kx2K.2GPUs.prv
e B p Q& [~

CIREY

RUNNING
SYNCHRONIZATION
SCHEDULING
CREATION

DATA TRANSFER TO DEVICE

RUNTIME

X 2DP - Thread state @ cholesky_block 16Kx2K.4GPUs.prv
eBmp Q& [~ %

RUNNING
SYNCHRONIZATION
SCHEDULING
CREATION
RANSFER TO DEVICE

while average data transfer increases

X 2DP - Thread state @ cholesky_block_16Kx2K.2GPUs.prv
emwm Q& [mnf %

EIREY

RUNTIME
RUNNING

SYNCHRONIZATION
SCHEDULING
CREATION
DATA TRANSFER TO DEVICE

X 2DP - Thread state @ cholesky_block 16 Kx2K.4GPUs.prv
e B p Q& [~ %

RUNTIME

RUNNING
SYNCHRONIZATION
SCHEDULING
CREATION
RANSFER TO DEVICE
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Comparing 2GPUs and 4GPUs

X BW per device @ cholesky block 16Kx2K 2GPUs.prv ol |x

Thread-GPU-1

Thread-GPU-2

X Devices Bw Histogram @ cholesky block 16Kx2K.2GPUs.prv i

95.0989. 264 us

e o [o@ (mlwlse mox
Fii)
Thread-GPU-1 [1080,98..1090,47) =0 us
% BW per device @ cholesky block_16Kx2K.4GPUs.prv ol (x|
Thread-GPU-1
Thread-GPU-2
Thread-GPU-3
Thread-GPlU-4 : A i .
X Devices Bw Histogram @ cholesky block 16Kx2K.4GPUs.prv i
e B @ [O@ [mfals m %
A
Many data transfers achieve ! LL I | e
a lower BW with 4 GPUs [ I iJ]H 1IN |
| [T NIl |

[1565,1..1574,55)
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HMPP traces

Same analysis tool, different programming model,
different concepts

X Host Device Operations Time Line @ hmpp.prv o [x

6.105.374 us 6.464.796 us

X Time profile Codelet operations @ hmpp.prv ol (x|
E B 3 Q & W+ Mm%

Device 1 Device 2 Device3  Deviced

| codelet allocate input on device | [l -1 | y S
15273643 us codelet allocate infout on device 232 us . i B
codelet write data to device =
codelet write data section to device - -
|codeletread data section from device : ;
‘ codelet wait for write transfer ! -1 :
codelet wait for read transfer - - - -
T : : S
T codeletsar :
|4

‘:codelet read data section from device
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HMPP methodology

Analysis nethodology predefined

« CAPS distribute it with a complete set of views

e If sequenced, can be used as an exploratory tree

' X H-Codelet Operation Durations @
& B 3D L 2 H

- i
® Operations on Codelets @ hmpp.prv ol |

37.444 452 us

37.444 452 us

( X H-Device - Transfered Data BandWidth @ hmpp.prv a
e B 30 SE-3N RRCEECAR| B

Device 4 [0,000931749..28,9146) =0us

[59800..1,84447 e+07)

[1,84447e+07..3,68296e+07)
[3,68296e+07..5,52146e+07)
[5.52146e+07..7,35995e+07)
[7,35995e+07..9,19844 e+07)
[9,19844e+07..1,10369e+08)
[1,10369e+08..1,28754 e+08)
[1,28754e+08..1,47139e+08)
[1,47139e+08..1,65524 e+08)
[1,65524e+08..1,83909e+08)
[1,83909e+08..2,02294e+08)
[2,02294e+08..2,20679e+08)
[2,20679e+08..2,39064 e+08)
[2,39064e+08..2,57449e+08)
[2,57449e+08..2,75834e+08)
[2,75834e+08..2,94219e+08)
[2,94219e+08..3,12604 e+08)
[3,12604e+08..3,30988e+08)
[3,30988e+08..3,49373e+08)
[3.49373e+08..3,67758e+08]

Ja
ntr

Total
Average
Maximum
Minimum

StDev

= dit@ar=

H kIl ¢

TASK 2.1
1.158 us

59.878 us
49.857 us

4079 us
17.514 us
3278 us

5.066 us

7.296 us
4.625 us

401.876 us
28.705,43 us
112,297 us
1.158 us
30.227,18 us

-

O wall < adtd € 00:41
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Extrae support to CUDA !" WA G Wk |

 Just starting

o Support to BSC/CASE department

 Propagation of an electrical shock wave across the
cardiac tissue

e Captured information
e From CPU perspective
— CUDA runtime calls
— PAPI CUDA counters

* cuda events @ heart-project. CUDA Tesla C2050.domain_a.inst_exect ol [x * CUDAMIPS @ heart-project. CUDA.Tesla_C2050.domain_a.inst_execu ol [x

o ‘ ‘ ‘ ‘ ‘ “ ‘
9.567.414 us

8.273. 148 us

What / Where | Timing| Colors |

B cudalaunch

cudaThreadSynchronize
B cudaMemcpy
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CUDA runtime profile

* CUDA runtime prnfile i@ heart-project. CUDA Tesla C2050.domain_= @ @\
e D 3®p Q@ v (1) CUDA ThreadSync histogram
cudaThreadSynchronize daliiemcp = X CUDA thread sync histogram @ heart-project. CUDA.Tesla_C2050.dom: @ @
(AR ) e B ® [ L@ [muxmx
Total 0,91 %, 25,56 % 9,56 %
Average 0,971 % 25,56 % 9,56 %
Maximum 0,91 % 25,56 % 8,36 %
Minimum 0,91 % 25,56 % 8,36 %
StDev 0,00 % 0,00 % 0,00 % .
AvgiMax 1 1 1 * CUDA M.IPS Hlstn;.;rlm @ thread sync @ heart-project. CUDA.Tesla CZ @ Ell
| e B ® [ @ [muxmx
=] i i
‘CUdaLaunCh I I
. . "THREAD 1.1.1 [457,341..460,358) =0 us E
CUDA Memcpy histogram vs size
* 3D - CUDA runtime duration histogram @ heart-project. CUDA.Tesla C. @ @
e B ® [ L@ [muxmx
|THREAD‘|.‘I.‘I [22138,6..22249,3] = 42.316.800
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* The complexity of heterogeneous systems pushes the
need for tools

e Same tools and similar methodology maybe used for very
different scenarios

» Do not speculate about your code performance
behaviour, look at it

www.bsc.es/paraver
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