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Complex Apps

Complex Hw
BSC Tools ’ ‘
= Since 1991

» Based on traces

= Open Source S
» https://tools.bsc.es

Sharing CUDA, HIP, OpenACC, OpenCL

+ Core tools
. u Fine-grain parallelism Hardware features

= Extrae - instrumentation

= Paraver - offline trace analysis
= Dimemas - message passing simulator

= + Performance Analytics > From data to insight

= Focus
= Detail, variability, flexibility
= Behavioural structure vs. syntactic structure

H

THREAD 1.16384.1
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Complex Apps

Complex Hw

Extrae — Tracing framework

= Records parallel program execution Oo _
behaviour over time @j
Complex Sw
» Generates Paraver traces -

= Platforms
= Intel, ARM, RISC-V, Cray, BlueGene, MIC, Android, Fujitsu Sparc...

Sharing CUDA, HIP, OpenACC, OpenCL
u Para”el programmlng mOdels Memory use, coalescing Data orchestration
= MPI, OpenMP, pthreads, OmpSs, CUDA, HIP, OpenCL, Java, Python...

» Hardware counters
= Using PAPI interface

» Link to source code
= Callstack at MPI routines
= OpenMP outlined routines
» Selected user functions (Dyninst, compiler instrumentation)

= Periodic sampling

» User events anywhere in your program (Extrae API)

High detail

THREAD 1.16384.1
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Extrae - Tracing framework

» Records parallel program execution

behaviour over time Fully automatic on
= Generates Paraver traces production binaries:
. Platforms No need to recompile
- Intel, ARM, RISC-V, Cray, BlueGene, MIC, Android, Fujitsu Sparc... nor relink!

» Parallel programming models
= MPI, OpenMP, pthreads, OmpSs, CUDA, HIP, OpenCL, Java, Python...

= Hardware counters

- Usmg PAPI interface #Paraver (12/06/2026 at

10:00) :15000000000 ns:...

» Link to source code

= Callstack at MPI routines States 151:1:147:1:294672:294676:1

= OpenMP outlined routines Events :151:1:147:1:294672:50000001:0

= Selected user functions (Dyninst, compiler instrumentation) B e
» Periodic sampling Commsl

= User events anywhere in your program (Extrae API) ASCII, open format: Easy to
generate, parse and script in

workflows
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Paraver - Performance data browser

= Visualization, navigation, selection, zoom = analysis from macro to micro

Useful Duration g
THREAD 1.5118.1

Full run Zoom on 1 iteration

THREAD

Zoom on few ranks

THREAD 1.1@25
THREAD 1.
THREAD

THREAD THRE&D 1.5

Useful Durtion @ ypcan 1 s21s.

THREAD 1.40
THREAD 1.512
THREAD 1.6145.
THREAD 1.
THREAD 1.8 THREAD 1.5311.
THREAD 1. | THREAD
THREAD 1.
THREAD 1. THREAD
THREAD 1.
THREAD 1.
THREAD 1.

THREAD 1.

1
1
1
1
1
1

E&D 1.

42,236, 447 us 44,763,203 us
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Paraver — Performance data browser

= Visualization, navigation, selection, zoom = analysis from macro to micro
= Multi-spectral view of application, runtime, and hardware activity

= Timelines, 2/3D tables, statistics and histograms

MPI call 2DZoom rang
THREAD 1.1.1

THREAD 1.1625.1
THREAD 1.2048.1
THREAD 1.2945.1
THREAD 1.39648.

THREAD 1.499%

Minimum
T, P

Comm matrix g

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026)

Runtime activity

Useful Duratien (
THREAD 1.1.1

THREAD 1.1825.1
THREAD .1
THREAD 1
THREAD 1.4 .1
THREAD 1.5121.1

THREAD 1.6145.1 [ff
/

MPI call profile @ linpack.l6k.chop to simulate.clustered.prv

MPI_Send UZN:ESE MPI_Irecv | MPI_Wait |,

Num. Cells 128 1 128
Total 3,872.14% 100% 2,797.35%

Average 30.25% 100 % 21.85% 25.98 % R

Maximum 33.59% 100 % 24.38 % 39.23°%
24.35% 100 % 18.51 % 25.80 %
StDev 1.50 % 0% 1.20 % 2.68%

Avg/max MPI profile o

Application activity

Hardware metrics

Instructions per cy
THREAD 1.1.1 =
THREAD 1.10625.1
THREAD 1. 9.1
THREAD 1.30873.1
THREAD 1.4057.1
THREAD 1.5121.1

THREAD 1.6145.1

-:‘ ==

-

- Duration histogram
oy g

vs. IPC

12/06/2026 9
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Paraver — Performance data browser

= Visualization, navigation, selection, zoom = analysis from macro to micro
= Multi-spectral view of application, runtime, and hardware activity

= Timelines, 2/3D tables, statistics and histograms

= Any trace, any semantics 2 Unified visualization & analysis across domains

Runtime activity Application activity

MPI call 2DZoom rang Useful Duration (
THREARL 1 1 1 | THREAD 1.1.1 h AN = InStr 1]l

TH

MPI calls . NOnanMD ranctriicri GPU kernels 1 Computlng : AT IPC liband

28_short_4mpixdgpu.prv.gz 1 ) . . — iris_sameinpu
. e e m [ durat|9n —— AIMIESPACKEES. . . .: ' 1z

! g H 3 AL 1w

Iy . v

. A AL} e i

Il N N | H11IE N THREAD 1.37. ! . . : L=
2,8 50 n=

THREAR 1.BE.1 2, : 16,793.76

SR S SR S S S S I Y Iy
. THRE&D 1 3217 1 fﬁm& ; < 0.6l 45.99 91.80
Host <> device DIN 1TTor [||I-|-=||-=-|Ialll=--ﬂlﬂ.a[l-ﬂlal?

transfers IB:xmit_wait node congestion emnrv ctracc

Files

loverleaf bml28 short 4mpixdgpu.prv.gc accessed utgpp-ib.prv.gz #1
— - - THREALD L1901 g C74,924.27

; = =~ J"IHM llmlll jllilll" iuPﬁM" l.limlhl ililllilill

...qu “Lu,'“ ,,w I
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Paraver — Performance data browser

= Visualization, navigation, selection, zoom = analysis from macro to micro
= Multi-spectral view of application, runtime, and hardware activity

= Timelines, 2/3D tables, statistics and histograms

= Any trace, any semantics 2 Unified visualization & analysis across domains
» Comparative analysis across traces, from tiny to massive

Computing vs MPI calls

16,384 vs 4 ranks over sync time interval

over sync time span

Keep synchronized: time,
objects, size, duration,
semantic, axis...

THRE&AD 1.2.1 [§

THREAD 1.4.1 "I | | I’ | ]
27,759 us 28,325 us

THRE&AD 1.3.1 Fa

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 11
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From timelines to tables

MPI calls profile

X 2DP - MPI call profile @ Gromacs_bilayer_ mpi_MT_120t.chopl.prv

€ B

v X

W Hj] In

= Categorical metrics 2 colours

= Each category is assigned a distinct colour L e B i av

g y g tHReAD 1.115.1 [JEIICIEA| 010707 % 2.2589% 20177%  59825% 05249%  0.0297%

THREAD 1.116. 1 [EZIEER]  0.0531% 28813% 25593%  2.9286% 05095%  0.0483%

M PI I I THREAD 1.117.1 JEEREIETEERY] 0.0691% | 28517% 25240%  2.9221% 05074% 0.0305 %

A Groma : : 5 Ca S THREAD 1.118.1 [EEREEIE 00545% 218489% 253539 " o
MPI call @ Gromacs bilayer mpl NT_120t.chopl.prv THREAD 1.119.1 TREEIRA 00682 % | 2.4206%  19741% ‘:5 B e

THREAD THREAD 1.120.1 [EERFPIEA . 11912%  1.0175%) = e
Total 8,012.4546 % 7.3174% 1,370.5276 %| 288.6168 % 253.0137 % 54 : — =
THREAD Average 66.7705%  0.0690%  11.4211%  24051% 2.1084% = ==
Maximum 75.6821% 0.4390 % 21.2505 % 2.9706 % 2.6369 % ,_ =
Minimum 40.5200%  00129%  B8.8583% 11489%  1.0077% = —-—
THREAD StDev 11.3685% 0.0474 % 4.0613% 05984 %  0.5406 % = e
Avg/Max 08822  0.1572 05374 0.8096 0.7996 = 1 =
EAD 20 ( =] e
076, 980 n= 2,642,008 n= = =
THREAD 1.120.1 &1, a76, 686 112, 642, 000 e - =

= Continuous metrics - gradients

THREAD 1.113.1

67.6081 %

25777 %

17698 %

5.1676% 0.5934% 0.1465 %

.
NN T Wiiwaital] v_ocast (NGRS (W

MPI_Recv
0.0682% ¢

THREAD 1,107.1 MPI_Sendrecv = 11.3412%

Compute-time histogram

2DH - Useful duration @ Specfem3D_192.chop1l.prv

to blue for to high values '
[ ]
.. . .
Useful duration @ Specfem3D_192.chopl.prv -
THREAD =Mk
1 -l
THREAD L. :
- o
THREAD
Ir
THREAD
K
L]
12/06/2026
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THREAD 1.8E.1

THREAD 1.129.1

Analyzing variability through timelines and histograms

THREAD

THREAD

THREAD

2DH - Useful duration @ Specfem3D_192.chop1.prv
1,296,72%9,572 ns Lo
THREAD 1.65. 5
THREAD 1. = :
THRE&D 1.

5€2003
]

$C2003 Gordon Bell Award
imitri Komatitsch
Camterni tmstaute of Tachnotegy
L Asasnen

THREAD 1.8E.1

THREAD 1.129.1

THREAD 1.192.1

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026)

1,2590,739,972 n=s

12/06/2026

13
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Analyzing variability through histograms and timelines

Courtesy Dimitri Komatitsch

2DH - Useful duration @ Specfem3D_192.chop1.prv

= A few months later... 9 | -

iR

i ; No duration »  Uniform
4 imbalance speed

FO C u S O pti m i Za ti O n 3DH - L2 miss ratio @ Specfem3D_192.chop
where it matters ‘

A

Improved data
locality minimizes
cache misses

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 14



From tables to timelines

= CESM: 16 processes, 2-day simulation

T
| | FEpERH|
|||||-!-!-|||m||

= High variability in useful computation duration
= How is it distributed?

= Dynamic imbalance
= In space and time AL
= Day and night - 6 cesm. exe. filter.prv
= Season?

e o o o o o P e e B e A
I I I T I I TIITITITITITIT
707070 70 70 70 T 7 0 T 7 T
mmmmmmmmmmmmmmmTm

—AAA—AAA—AAAA A
I I I T I I TITITITITITITIT
70707070 70 70 T 7 0 T I
mmmmmmmmmmmmmmmm

181,747,035 us 214,608, 064 us

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 15



< XNARTYALANSTITYUTE -~ HIGH-PRODUCTIVITY SUPERCOMPUTING

The Butterfly Effect...

= A system preemption reduces the cycles assigned to one of the processes for a small interval

Cycles/us
(Frequency)

MPI calls

MPI call @ lulesh_s4p.prv.gz

Affects only one process, but disturbs all processes

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026

16



... flying through the MPI pattern

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Produces a wave effect that reflects and interferes across all partners

MPI call @ lulesh_g4p.prv.gz
THREAD 1.1.1
THREAD 1.5.1

THREAD 1.9.1

THREAD 1.13.1

THREAD 1.17.1

THREAD 1.21.1

THREAD 1.25.1
THREAD 1.29.1

THREAD 1.33.1

THREAD 1.37.1

THREAD 1.41.1

THREAD 1.45.1

THREAD 1.49.1

THREAD 1.53.1

THREAD 1.57.1

THREAD 1.61.1

THREAD 1.64.1

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026)

MPI calls

B outside MPI
B MPI_Isend

] MPI_Irecw

B WPI_Wait

[ MPI_waitall
I MPI_Allreduce
B WPI_Comm_rank

Without the MPI_Allreduce it would
perturb multiple iterations

12/06/2026 17
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From biz,to small traces

~1 min 5* E%

2. Data processing & summarization 62 GB (1024 MPI ranks)

Filter 100K-running

Fi Ite ri n g Useful Duration @ cp2k_1024p_mnSgpp.filter_runni
= Subset of records from the original trace i | | g
= By duration, type, value... bt ) | ———

00k . p:

= Cutting Filter 1 outer 10K-running
= All records within a time interval
= Selected processes only ~10 sec |}« u! i I o
160 MBIl L

Software counters :
= Aggregated metrics as new events Cut 1 inner
u M PI Ca I I CO u nt, H W tota I S s ‘:Eu uration @ cp2k_1624p_mn5gpp.chop_louter.filter_running_l6k.chop_linner.pru

Remains a Paraver-compatible trace for analysis with
the. s 'FGs (if needed data is kept)

<. Burst mode keeps long computations + stats

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 18
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Dimemas: Coarse-grain, Trace-driven simulation

= Fast simulation of an abstract interconnect

Local/remote Latency/Bandwidth

SMP nodes with local memory for intra-node comms
Buses (B) model contention (concurrent messages)
Links (L) model connectivity (per-node traffic)

» Ideal network: Bw=x Lat=0

= Highlights serializations

= "What-if...” analysis
= Code & machine changes

Parametric sweeps
= Sistematic range exploration

Dimemas + Paraver
= Analysis + Detailed prediction

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026)

Simulation

generates a trace 2>
Detailed feedback

Non-blocking

ration @ D.MAXW-DGTD_256-P2-noblock. ideal.prv

i

354,423 us

@ D. MAXW-DGTD_256-P2-block. BW100OH. prv n @ D.HAXW-DGTD_256-P2-noblock. BW1000M. prv

\: Even ideal network has skew effect 0MBs/s
t (EWY I FESE

354,423 us
54,429

500 MB/s

100 MB/s

354,429 uz

Non-blocking is less network sensitive

12/06/2026 20



What if... we had asynchronous communications?

MPLI call @ Specfem3D_ 192.chopl.prwv
THRE&AD 1.1.1

THREAD 1.565.1

Dimitri Komatitsch THREAD Slz2a.1

THREAD -13z.1 1,260, 722,447 n

Courtesy Dimitri Komatitsch THREAD 1.1.1

THREAD .B5. 1

THREAD .

MPI call @ Specfem3D_192.chopl.prwv
THREAD 1.1.1

THREAD 1.85.1

Predict MN | '~ 3 - ' -
THRE&AD 1.1249.1 ET a ﬁ E =

Async comms

MPI call @ Specfem3D_192.chopl.prwv
THREAD 1.1.

1.1
THREAD 1.55.1

won’t help

Predict 100 MB/s

THREAD 1.129.1
MPI call @ Specfem3D_192.chopl.prwv
THREAD 1.1.1 g "

o -

THREAD 1.55.1

Predict 10 MB/s

THREAD 1.

MPI call @ Specfem3D_192.chopl.prwv
THREAD 1.1.1 (% T

Insensitive to .
bandwidth until it Predict 5 MB/s
falls below 10 MB/s

THREAD 1.65.

THREAD 1.

THREA&D 1.65.

Predict 1 MB/s

THREA&D 1.123

THREA&D 1. 132

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 21
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The Ideal Machine

*BW =o,L=0
» If data transfers are instantaneous = MPI time should vanish. Why not?
= Characterizes intrinsic application behavior

Allreduce Alltoall Sendrecv

MPL call @ GADGET_A.256.ICE.chopl.prv
THREAD 1.1.1

THREAD 1.33.1

THREAD 1.BE5.1

THREAD 1.97.1

THREAD 1.129.1

THREAD 1.161.1

THREAD 1.193.1

THREAD 1.225.1

THREAD 1.256.1 f us

Waitall

MPL call @ GADGET_A.256.ICE.chopl.prv
THREAD 1.1.1

THRE&D 1.322.1

THREAD 1.B5.1

THREAD 1.587.1

THREAD 1.129.1

No data transfer issue,
Load imbalance?
Dependency chains?

THRE&AD 1.161.1
THREAD 1.193.1
THREAD 1.225.1
THREAD 1.2E56.1 f us

S

11,852,200 us

Impact on real machines? No gain in an ideal case = No gain from faster hardware!

—

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 22
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BasicAnalysis — Assessing key performance factors

= Explain application’s performance with GlobalEff
few fundamental factors
= Automatically computed from: ParEff CompScal
Paraver trace + Dimemas simulation (X
= Dig down from global to detailed efficiencies CommEff Frequency
256 512 1024
' ' - 100
Global efficiency - 84.32 84.28
-- Parallel efficiency - 84.32 83.15 Serla“zatlon TranSfer
- Load balance - 9351 93.30 80 =
— Communication efficiency - 90.17 89.11 3 512[1] 512[2] 512[3] 512[4] a What to N
o . -60 = ' ! ! ' look for?
- Serialization efficiency - 90.79 89.76 = Parallel efficiency - 8527 4497 81.89 72.25
~Wrensfer efficiency . B2 L8 - Load balance 86.08 88.13 82.82 74.97 [ Low values ]
-- Computation scalahility - 100.00 101.36 &
N -- Communication efficiency - 98.88 96.38
— IPC scalability - 100.00 101.43 [ Trends ]
_ B 20 -- Serialization efficiency - 98.89 97.68
-- Instruction scalability - 100.00 99.86
-- Frequency scalability - 100.00 100.07 - Transfer efficiency 99.86 99.47 99.99 98.66 [ High values ]

° - /

Comparing scales Comparing phases
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ParEff = LB * * Trf

Why scaling?
* CGPOP ocean modelling

« Intrinsically unbalanced problem

1.1

1 4

0.9 H‘\‘\‘\ o=t ParEff
\K = LB

0.8

0.7 8

u ' v. —«— Transfer
Good speed=up:-<Y!? 0s

—o
Are we happy? o0 0 100 200 300 400
= ParEff * IPC
16 x
S - 14
1.2 /

/ —m— ParEff
'] 41 _

- Transfer Efficiency | 0s e
« IPC helps... for now! 06 LS* —_
- Comms will become a bottleneck "o 0 20 a0 400

VI-HPS TUNING WORKSHOP (10-12 JUNE 2026) 12/06/2026 25
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Clustering to identify structure

TASK 1 i, T,
TASK B - & *
rrrr 1 £ i
TASK 24 A Y )
ssssss TASK 32 1 N
TASK 48 7y ;1
aaaaaaaaaaaa N =1
TASK 56 TASK 56 | f‘-‘ "e o
TASK 64 TASK 64 X . ]
Task 7z [N S s S T (R A D I . 0909090909000 Task 72 4 _5 3
TTTTTT TASK BA j i 7
TASK 88 TASK BE | 3 iy i
TASK 96 TasK 96 i Y y
Task 182 Task 184 i i ]
TASK 112 TASK 112 [ o oy :’,
Task 1zo (NN D I S SRR S I R $ 0909090909090 TasK 128 A < =n! -
3 - 2,100,008 s raskam s 2,199.408.286 ns

TASK 32
TASK 48
TASK 48
TASK 56
TASK 64
TASK 72
TASK BB
TASK BE
TASK 06
TASK 104
TASK 112
TASK 128

Quick insight into
program’s behavior

a

TASK 128 70 2,199,498 us

5e+08 | 5e+08
O 450408 | _ '8 4.5¢408
o o
< L eios
E. 4e+08 - - oy
g 3.5e4+08 | . o 3.5e+08
) o
vy 3e+08 |- 4 v 3et08
c c
o @]
= 25e408 | _ =2 2.5e+08
— —
E £
O 2e408 F 4 O 26408
fraw} —
v v
C 15e+08 | . £ 15e+08 -
— -
=/
1e+08 | | | | I le+08 — -
0.7 0.75 0.8 0.85 0.9

0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.6 0.65
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Integrating models and analytics

=)
4 ns

... we increase the IPC of Clusterl1?

Aggregative Cluster Refinement .

1e+08 | T T T T T T T T N

9.5e+07 - . B

9e+07 | 3 " > ! -

8.5e+07 | - < 1 '_
. Noise *

8e+07 | X ! Cluster 1 «

e Cluster 2 .

7.5e+07 | oo { )

7e+07 | . 1 782,233,912 ns

... we balance Clusters 1 &2?.. . .,

IPC L C -
j = R
b -
*I = o
Tl
K-
- L
- .
'.__.-..v- s
=
pi St T
b __'::.rv.-
- _"-'_
—-.
= —

= What if...

ity

PEPC

781,233,912 ns

7

structions Completed

Know where
= effort pays off.

782,233,912 ns

"lll
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Tracking scalability through clustering

= Analyze scalability of computing regions across 64 — 512 tasks

Work per process

decreasing

proportionally
e s ~E )
; | 0 D 512
i ; 2 o ‘ ‘
1.0 é / 2.0 2.5
100 L C.Ode_ " . 512 N
3 replication > ‘ -
= : ‘ L I I I & :
Z 109_ 1.0 1.5 2.0 2.5
K - Lod (A |
. | ~Quick ¢o Bia ACrOSSTYSES,
> = ¢configurdtions’ and ¢cendtios
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Folding to increase details

= What is the performance of a single serial region?
600 M 1800 M

| It.1 ; | It.2 ::::;; | 1t.3 ;

I ! A1200M instr. in 600 ms. !
Instrumentation

3000

¥ + Sampling

2000

MIPS

1500

2000 MIPS

500

Reveals sub-phases
° o] 74.09 148.17 22226  296.35 37043 44452 518.6 582 .69 ='= In hlgh detall

Time (ms)

“Fold” similar iterations into
a single, highly detailed

synthetic iteration
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Folding: CPI and HWC stack models

100 T T T T T T A000
00 MR-GENESIS
3500
S0
3000
70 Useful cycles mmm LSU: Basic latency
80 2500 l-cache miss  wem FXU: DVIMSTPR/MSFPR s
o Branch mispredict mmm FXU: Basic latency mmm
[ 50 2000 [ Flush penalties, etc = FPU: FDIVIFSQRT mm
2 = LSU: Translation lookup FPU: Basic latency mem
40 1500 LSU: Other reject mem Other stall cycles mmm
LSU: D-cache miss MIPS
20
1000
20
10 500
o . d : . R I
0] T4 1451 2222 298 .3 2704 A4 5 5183.6 592 .8

PowerPFC CPI break-down evolution for Cluster 1 of Mr Genesis

5} T T T T T T 4000 . . . .
5 | seos Trivial fix (loop interchange)
3000 1-line code fix > 25% boost
4
. - Easy to locate
% 3 2000 %
5 1500
1000 : L
: N Availability of CPI stack models
0 0 for production processors
0 482 96.5 1447 193 2413 2895 3378 386
Time (ms)



Understanding memory influence

VIRTYUALANSTITYTE - HIGHPRODUCTIVITY SUPERCOMPUTING

= Mess: Bandwidth-latency curves describe memory performance from unloaded to fully saturated states
» Integration with Paraver: Easily identify where memory stress is highest and correlate with sources

220 ‘—Rd:Wr 0:100 Rd:Wr mo:o|

180 eclrans

0 20 40 60
Bandwidth (GB/s)

Memory stress @ ectrans-benchmark-sp.profet.prv

80

100

Stress score
I 1
0.8

0.6

0.4

[0.00..0.10)

WL ORRRINNNFTTA  22.92%| 45.57%|  28.06% R LRI
THREAD 1.2.1 0.38% 0.53% 0.03%
Average 0.42%  21.70%  50.73%| 25.31% 1.52 % 0.18%
Avg/Max 0.92 0.95 0.91 0.90 0.61 0.54

= Prediction of future ones (PROFET)
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Accounting for all memory hierarchy levels

= CARM: Cache-Aware Roofline Model
= Unlike the original Roofline Model, identifies bottlenecks related to specific cache levels

Instructions per cycle @ lulesh2.9_64p DP.prv
THRE&AD 1.1.

CARM roofs @ lulesh2.® 64p DP.csw

THREAD ; j Eu
THREAD 1.17. : HL
THREAD 1.33. ) = O L3
THREAD 1.49. I B DRAM
THREAD 1.64. - - O Above L1

THREAD 1.
THREAD 1.33.
THREAD 1. 49

THREAD 1.564.

10,819,724 us

Execution Timestamp Range Selection (Microseconds) Execution Timestamps To Plot (Microseconds) l:liroupingD
Cache Aware Roofline Model (per thread) =
Paraver feeds CARM feeds back
computing bursts the “Roofs” for
and hardware each computing
counter metrics : phase
- : : > : : 2/v\rithrnezti‘t: Intenzsvibg ﬂoé/t‘wﬂe - ’ : > : : :

T —————————————
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Spectral Analysis: Finding the FoA

= Signal processing techniques to detect patterns in traces
= Morphological filters, Wavelet, FFT, Autocorrelation

= Performance metrics expressed as a signal
= A function of time

= At the application level (sum of all tasks)
» Tasks computing, tasks in MPI, instructions, L3 misses, useful duration, etc.

THREAD 111 |§

Long
bursts

5000 | ‘ ] i . I‘Oba| periodic region

4000 |

THREAD 1.9.1 {

2000

2000 _ ‘ ‘ ‘ ‘ N LdPeeiod |@mgth
% LﬂJIJ'ﬁ‘UW'. Hﬁ*ﬁ*ﬂ ‘ﬁﬁﬂ "*1'%#1% | ampRewlessefitative iterations

o | ST =R =] 1e¥ 1l ._'|'="+J.U v il

©
o
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(%]
Y
A

28 iters from 4136 t0 29959 ms —> <« 3iters | I

aus szanizzus
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On-line Analysis: One Ring to Rule Them All

THREAD 1.1.1
THREAD 1.65.1

THREAD 1.129.1

THREAD 1.193.1

THREAD 1.256.1 . - ~ O
™® Quick insight H

Se408 T T ! T r 1
4.5e408 ‘ 13m0
: 20 1200
4408
1050
350408
e 15 900 ¥
3e408 750
25408 \ o hand
= 450
2408
o~ . -
150408 -
150
leson . . . . . o R
6 065 07 075 08 085 09 o 5 10 15 20

1o ie10
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% 35|
% Other
% W Vector instructions
2 o | | B uFloating-pointops £ **
2 = | | Stores E
g 5 Wloas | fas
s W% ® Branches
%
20)
10%
0%
12 3 4 5 6 7 8 9 10 11 12
Clusters

Instructions Completed
"

Ngs22388 3

L%es 0570 0575 Ose0 OS85 0300 G505 G600
[

Towards smart traces with
dynamic levels of detail and
high-level insights
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BSC Tools Website & Contact

» https://tools.bsc.es

Documentation
» Training guides
» Tutorial slides

tools@bsc.es

Quick Start

= Start wxparaver

= Help - Tutorials

» Follow training guides

c Home Paraver » Dimemas = Extrae Research » Documentation » Downloads Publications

Home » Downloads

Downloads

CORE TOOLS

EXTRAE PARAVER DIMEMAS

High-abstracted network simulator for message-

Instrumentation framework to generate execution Expressive powerful and flexible trace visualizer for

traces of the most used parallel runtimes. post-mortem trace analysis. passing programs.

soL DIMEMAS N

Version5.2.12«1.09 MB

EafL

sel PARAVER ~

Version 4.6.3 + 156 MB

sel EXTRAE ~

Version 34.1+224 MB

=0 EHOR® &L 4

+ + +

CLUSTERING TRACKING FOLDING

Automatically expose the main performance trends in Analyze how the behavior of a parallel application Combined instrumentation and sampling for

applications’ computation structure. evolves through different scenarios. instantaneous metric evolution with low overhead.

set CLUSTERING A

Version 2.6.6+ 2 MB Version 2.6.5+ 1.9 MB

+ + +

SPECTRAL BASIC ANALYSIS

Signal processing technigues to select representative Framework for automatic exiraction of fundamental

set TRACKING v -et FOLDING v

Version 1.0.2+11.06 MB

regions from Paraver fraces. factors for Paraver traces.

sct BASIC ANALYSIS v

Version 0.2 + 10.89 MB

set SPECTRAL A

Version 3.4.0+0.31 MB

+ +

B
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- PS T

e The importance of understanding
- Keep asking questions
e Use your brain
- Use visual tools Ta kea Wa y
e The devil is in the details
- Do not miss them
e Don’t over-theorize about your code
- Look at it
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