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Humans are visual creatures

= Painting / photo or description? PROCESS
= Our brain processes visual impressions 60,000 times faster than text
= Tt takes only 13 ms for the human brain to process an image

= Memorizing a deck of playing cards STORE
= Each card translated to an image (person, action, location)
= Qur brain loves pattern recognition IDENTIFY

= 90% of all communication happens visually
= The human eye can differentiate approximatel
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Our Tools

= Since 1991
= Based on traces

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

T — ||||f||l|||||-_l-
HO o TN T
= Extrae - instrumentation i il%l

= Paraver (paramedir) — offline trace analysis ||ﬂ|f||l||||| "

» Dimemas - message passing simulator |||||f||l||||| 11 -

= Focus == o e - AR IRNE |~
= Detail, variability, flexibility 71 B
= Behavioural structure vs. syntactic structure
= Intelligence: Performance Analytics
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Paraver
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Paraver: Performance data browser

Trace visualization/analysis

+ trace manipulation

Timelines

Goal = Flexibility

No semantics

Programmable

2/3D tables
(Statistics) Comparative analyses

Multiple traces

Synchronize scales

nnnnnn
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From timelines to tables

MPI calls MPI calls profile

€ B 3 B H [ 10

. ~
[MPiisend | M irecy [ WU PVEIIINNY ipi Reduce | MPIAllrdS
o %

|THREAD 1 67.6081 % i ; 1.7698 % 05934 % 0.1465 %

|THREAD 1 42.8434% 1.1947%  1.0400% | - -

|[THREAD 1 68.6127 % 5 2.2589%  2.0177 % : 0.5249 % 0.0297 %

|THREAD 74.6039 % g - 2.8813%  2.5593% 2.9286%  0.5095 % 0.0483 %

| = = = = ¥ x 2DP - MPi cal ® Grom ayer_mpi_MT_120t.c v o %
THREAD ] 743733 % H 28517% 2524 I.

] ] 2.8489%  2.53%

66.7994 % g 3 2.4206 % 1.974
43.7224 % 8 1.1912 % 1.017

THREAD 1.119.

1
1
|THREAD 1.118.1
1
THREAD 1.120.1

Total

| 8,012.4546 % 7.3174 % 1,370.5276 % 288.6168 %| 253.01%
118,642 un Average | 66.7705% 0.0690%  11.4211% 2.4051%  2.10€
Maximum 75.6821% 0.4390%  21.2505% 2.9706%  2.63€
| 405200% 0.0129 % 8.8583%  1.1489%  1.007

11.3685% 0.0474 % 4.0613 % 0.5984 % 0.54C
Avg/Max 0.8822 0.1572 0.5374 0.8096 0.7

o

(
MPI_Isend

THREAD 1.107.1 MPI_Sendrecv = 11.3412%

Useful Duration Histogram Useful Duration

1,290,738,873 1 - ]

THREAD 1.35.1 [1.49196e+006,,1.51085e+006) = 0us
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Analyzing variability through histograms and timelines

Science [NLGIRE SPECFEM3D
,4 % 2

Useful Duration

IPC

THREAD 1.35.1 [1.491986e+006.,1.51055e+006) =0 us

THREAD 1.19.1 [0.26..0.265) =0 us

. chopl.prv . .
Instructions _ L2 miss ratio

: o
% T
L2 miss ratio @ ‘_:'_
n: L
| |
[
o,
H) ; . o

- L)
THREAD 1.90.1 [1.30461e+009..1.32113=+008) =0 us THREAD 1.27.1 [1.11..1.14) =0us
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Analyzing variability through histograms and timelines

= By the way: six months later ...
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From tables to timelines

-

20H - Useful Duration ...

I_ (w(=] |i:h]1

1€ B 5o [ |(M][H])»< 1n

= CESM: 16 processes, 2 simulated days

= Histogram useful computation duration
shows high variability

I’ ]
rll II
=

THREAD 1111 [2.555e+0

08e+006) =0 u

. is it distri ? r
HOW IS It dIStrIbUted . # ° Useful Duration 2D0Zoong rangle [1.705e+006,3.455e4006) @ cesm.exe.filter2.prv

= Dynamic imbalance
= In space and time

470 .228.957 -]

= Day and night.

= Season ? ©
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Dimemas
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Dimemas: Coarse grain, Trace driven simulation

= Simulation: Highly non linear model B
= MPI protocols, resources contention... . = =
p = Be ==
= Parametric sweeps =D (Cceu] [_cpu)

= On abstract architectures
= On application computational regions

= What if analysis
» Ideal machine (instantaneous network)
» Estimating impact of ports to MPI+OpenMP/CUDA/ ...
= Should I use asynchronous communications?
= Are all parts of an app. equally sensitive to network?

Impact of BW (L=8; B=0)

=
N
o

=
o
e}

—&— NMM 512

—m— ARW 512
A A NMM 256
X/

o
®
o]

ARW 256

Efficiency
o
(o)
o

= MPI sanity check

—Jl—- NMM 128

= Modelling nominal Ny e ARW 128
0.20
= Paraver - Dimemas tandem 0.00 8 / —
= Analysis and prediction 3 4 1 6 286 1024

= What-if from selected time window
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What if we had asynchronous communications?

= SPECFEM3D

= -

$C2003 ovaA

SC2003 Gordon Bell Award

Dimitri Komatitsch

7z California | of Tech 2
77
\\\\$\ L o A 14.6 Billion Degrees of Freedom, 5 Teraflops, 2.5
\\\\Q\\§\ Terabyte Earthquake Simulation on the Earth Simulator
s sz
LI
7

772

//////////// =

NN
NN
N

“‘_‘__U./

Courtesy Dimitri Komatitsch
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Real [UM’M %3 ==

Ideal

Prediction
MN

Prediction
100MB/s

Prediction [|

10MB/s

Prediction [[

5MB/s

Prediction f

1MB/s

MPI call @ Specfem3D_192.chopl.prv

=

=

MPI call @ ideal.prv

5
; m
n

L

1
fs

Pt A

MPI call @ D.MN.SMB.prv

MPI call @ D.MN.1IMB.prv




< XNARTYALANSTITYUTE -~ HIGH-PRODUCTIVITY SUPERCOMPUTING

Ideal machine

= The impossible machine: BW=wo, L=0
= Actually describes/characterizes Intrinsic application behavior

= Load balance problems?
= Dependencies problems?

Allreduce Alltoall

Sendrecv

Waitall

" B4 MPI call @ GADGET_A.2§6.ICE.trace.chopl1.prv.4z

GADGET @ Nehalem
256 processes

|deal
network
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Models
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Parallel efficiency model

Computation

MPI_Send Do not blame MPI

—
—

Y.

P
<«

—> : .

MPI_Recv LB Comm

B 2DP - MPI call profile @ trace_24h_atmos_symbols.cho... El&lg

e B 5o | G = (W HFE Il e

Dutside MPI | MPI_Recv  MPI_Isend HMPI_Irecw

-

= Parallel efficiency = LB eff * Comm eff —

THREAD 1.133.1

Total

53 % | 1.411,13 %% 3,83 %
I Average

2,30 % 10,69 0,03 %%

52 % 54,97 %
Minimum 0,00 % 0,00 = CO mm Eff

3 =
Stew 6,06 % 21,40 % 0,00 %% |
Avgf Max 0,03 0,19 0,81 _
El (0 | 2

LB

Maxdamunm
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Parallel efficiency refinement: LB * pLB * Transfer

Computation

MPI_Send MPI_Recv Do not blame MPI

P

Y.

VB

: 1

MPI_Recv MPI_Send LB uLB [Transfer

= Serializations / dependences (ULB)
= Dimemas ideal network - Transfer (efficiency) = 1

MPI_Send MPI_Recv
——————> :

! P
MPI_Recv MPI_Send
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Why scaling?

17, = LB*Ser*Trf

1.1

CG-POP mpi2s1D - 180x120 I ——
' \ —= LB

Good scalability !! " e ULB
ShOUld we be happy? 0.7 —x— transfer
speed up “
20 A 05 T T T 1
0 100 200 300 400
i - 1.6 2

14
° / o
1.2 Efficiency
W/ —8— Parallel eff
5 l T —— .
instr. eff
0.8 —x—|PC eff
0 y ; i ; - ] i ' 0.6 L-Lﬁ‘
0 50 100 150 200 250 300 350 400 . ™~

0.4

0 100 200 300 400
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Analytics
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Basic Analysis

= Scripts that automatically compute the efficiency model from a Paraver trace (or many traces for
scalability studies)
= Dig down from global to detailed efficiencies

256 512 1024
- ' ' - 100
Global efficiency - 84.32 84.28
-- Parallel efficiency - 84.32 83.15
- 80
-- Load balance - 9351 93.30
-- Communication efficiency - 90.17 89.11 =
e . -60 = 512[1] 512[2] 512[3] 512[4]
-- Serialization efficiency - 90.79 89.76 L \ , , ,
m -
- Transfer efficiency _ 9932 99 28 45 Parallel efficiency - 85.27 = 44.T7 81.89 72.25
-40 £ - i
- Computation scalability - 100.00 101.36 o Load balance el B Bty 1497
— IPC scalability _ 100.00 101.43 - Communication efficiency - 99.05 50.80 98.88 96.38
2[} . . . . = B
_ Instruction scalahility - 100.00 99.86 Serialization efficiency 99.19 51.07 98.89 97.68
- Frequency scalability _ 100.00 100.07 -- Transfer efficiency - 99.86  99.47 99.99 98.66
0
A ——
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Using Clustering to identify structure

Instructions

e B!
e LT

bbb sttt

b
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Integrating models and analytics

782,233,912 ns

What if ....

@ ns

... We increase the IPC of Clusterl?

Aggregative Cluster Refinement

le+08

o

L oase+o7 1

K A

Q 9e+07 .

g 8.5e+07 ‘ 4 H
e+ ' 1

S | Noise - 139% gain

»n  8e+07 . Eluster

c S uster

g 7.5e+07 1 @ ns Tez.233.91% ns

g 7e+07 3

=

v 6.5e+07 1

£

07
0.5 055 06 065 0.7 0.75 0.8 0.85 0.9 0.95

. WE bala';;ce Clusters 1 & 2?

M EEEE e




Tracking scalability through clustering
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= Study the scalability of the computing regions
» Increasing the scale from 64 to 512 tasks

0% b

0% b

64

i i i
1.0 15 2.0
IPC

i
2.5

1
1.0 15 2.0
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Tracking scalability through clustering

= Study the scalability of the computing regions
» Increasing the scale from 64 to 512 tasks

64 . 128 192

1w - 1wl - 101 | R RIIIIIIT R R |

o B Iy Iy

I I ] I 1 1 1 1 ]
1.0 15 2.0 2.5 1.0 1.5 2.0 2.5 1.0 15 2.0 2.5
IPC IPC IPC

256 - 33 512

100 F--n gl o 101° : 4 100 - L

i I i i
1.0 15 2.0 2.5 10 15 2.0 2.5 1.0 15 2.0 2.5
IPC IPC IPC
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Tracking scalability through clustering

= Study the scalability of the computing regions

= Increasing the scale from 64 to 512 tasks Work per process

64 decreasing
proportionally

Instructions

Code
replication ! © 512

1.0 1.5 2.0 2.5
IPC
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Folding to increase details

= What is the performance of a serial region?
= Is it good enough?

» [s it easy to improve? 2000 MIPS

MPI Computing MPI

3500

3000

Instrumentation
+ Sampling

1500

MIPS

1000

500

0

0 74.09 148.17 22226 29635 37043 44452 518.6 582.69

Time (mMs)

MIPS
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Folding: CPI and HWC stack models
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FPowerPC CPl break-down evolution for Cluster 1 of Mr.Genesis

100 T

so |
g0 |
70 |
80 |
50
40
20
20
10

CPl

o] 74 1451

PowerPC CPl break-down evolution for Cluster 1 of Mr.Genesis

CPI
(953

Useful cycles mmm

|-cache miss

Branch mispredict mmm
Flush penalties, etc  mmm

LSU: Translation lookup
LSU: Other reject
LSU: D-cache miss

45TH VI-HPS TUNING WORKSHOP (LRZ, 10-13 JUNE 2024)

LSU: Basic latency
FAU: DivIMSTPRIMSFPR
FXU: Basic latency
FPU: FDIVIFSQRT
FPU: Basic latency

2704

4000

3500

3000

2500

2000

1500

1000

500

0

MIPS

4000

3500

2000

2500

2000

1500

1000

00

MIPS

Trivial fix (loop
interchange)

Easy to locate?
Next step?
Availability of CPI stack

models for production
processors
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Methodology
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Performance analysis tools objective

Help generate hypotheses

Help validate hypotheses

Qualitatively

Quantitatively
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First steps

= Parallel efficiency — percentage of time invested on computation

» [dentify sources for “inefficiency”:
» Load Balance
= Communication /synchronization

= Serial efficiency — how far from peak performance?
» [PC, correlate with other counters

= Scalability — code replication?
= Total instructions

Tutorial:

= Behavioural structure? Variability? InDt_l‘0ducti0n tt:hPaZIralver &
imemas methodology
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BSC Tools web site

= https://tools.bsc.es

« Downloads bovnie
Lo m A
- Sources / Binaries = )

Instrumentation framework to generate execution

traces of the most used parallel runtimes postmortem trace analysis.  passing programs

et EXTRAE - =t PARAVER - =t DIMEMAS -

HOES LA A EO66

. i EHO
Docqnjentat.lon N 2 N
— Training guides

CLUSTERING TRACKING FOLDING
H H Automatically expose the main performance trends in Analyza how the bahavior of & parallel application ©ombinad instrumantation and sampli
— Tutorial sliges e el [
o1 CLUSTERING =l TRACKING
Version 2.6.6 + 2 MB Version 2.6 + 1.9 MB Veraion 1.0.2 + 11,06 MB
-
SPECTRAL BASIC ANALYSIS
| e | r] S a r e St s | G T e
regions from Paravertwaces. factors for Paravertraces

=t SPECTRAL

= Start wxparaver S
= Help = Tutorials i *

= Follow training guides
= Paraver introduction (MPI): Navigation & Basic Understanding of Paraver operation

=t BASIC ANALYSIS
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Takeaway:

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