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Context

Motivations

» Multiple applications are on the market today : MAQAO, Valgrind, perf
linux, gprof, Vtune,...

» Too intrusive, too much generic, proprietary or reports too complicated to
understand without safety low level hardware concepts

» Uses call graph concept, roofline model or HPC!

» Find a balance between efficiency / precision / ease of use
PALPATINE?

» Based on the Linux Perf Tool using performance counters

» Based on the concept of phase detection

YHPC: Hardware performance counters
2PALPATINE: Profiling Analyzer using Linux Perf Applications To Improve an applicatioN
Easily

PALPATINE : A
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C PALPATINE : A
OnteXt profiling analyzer

) using Linux Perf
Protocol : Material and software

Matthieu
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» Laptop : Dell Latitude 5400 (Ubuntu 20.04 kernel 5.14)

Context

CPU characteristic Technical details of processor

CPU model Intel i7-8665U

Cores 1 core used (until 4 cores / 8 threads)
Frequency 2.1Ghz used (until 4.8Ghz)

Cache (L1/L2/L3) 128Ko/1Mo/8Mo

Instructions sets SSE-AVX-AVX2

» Python 3.8 + Numpy 1.21 : disabled Pthread for Numpy
» Gcc 9.4

» In the bios : disabled TurboBoost, SpeedStep and Hyperthreading




Context

Perf Stat - Matrix product examples

» Algorithms in C : Naive and Cache/Register Blocking
» Precision: Double; Size: 800x800 (14.7MB in memory)
» Commands : $perf stat -e SEVENTS ./naive-O3.out // blocking-O3.out

Performance counter stats for './naive—O3.out':
2560055536 cycles

4139788660 instructions 1,62 insn per cycle

984026446 mem load retired.|1 hit

518365089 mem load retired.ll miss

467396259 mem _load retired. |2 hit

50208243 mem_load retired.l2 miss

48010870 mem load retired. 13 hit

2877750 mem Tload retired.l3 'miss
0,633742787 seconds time ela;sed
0,629755000 seconds user
0,003985000 seconds sys

PALPATINE : A
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using Linux Perf
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Context

for './blocking—03.out ":
624347581 cycles
2166757751 instructions 3,47 insn per cycle

668691220 mem load retired. |1 hit
4097486 mem load retired.ll miss
3113575 mem load retired.|2 hit
982984 mem load retired.|2 miss

946266 mem load retired. 13 hit

77766 mem Toad retired.I3 'miss
0,150127155 seconds time eE\psed
0,146067000 seconds user
0,004057000 seconds sys

Version Speedup IPC L1 ratio L2 ratio L3 ratio
Naive 1.00 1.62 35% 10% 6%
Blocking 4.22 3.47 1% 24% 8%




Summary

PALPATINE

Linux Perf

Phase detection
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PALPATINE : A profiling analyzer using Linux Perf

Concepts

» Developed in two steps :

» Firstly : collect directly the counters with original perf modules

» Secondly : collect the counters with the phase detection concept

» Collects & Reads performance counters on different scales

PALPATINE : A
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using Linux Perf
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PALPATINE : A profiling analyzer using Linux Perf

Read in three scales

Scale

Information

Overall application

Overall functions

Overall hotspots by function

Collect general counters
Calculate different metrics (IPC, branch misses,...)

Sort functions by overhead for different events

Find some assembly code lines and compare
with event's overheads

» Provide solutions (if possible) for an optimization

> Estimate a potential benefit

» Ex: scalar instruction versus vectorial instruction
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PALPATINE : A profiling analyzer using Linux Perf
Test Protocol : Conjugate Gradient
» Conjugate Gradient : Ax = b

> A : a symmetric square sparce matrix with the intensity of a monochromatic
plane wave in 1D !

> b : a vector equal to (f(x))
> x : the vector to find equal to (1...1) at the end

» Use an algorithm in python with the Numpy module (1 matrix/vector
product and 4 vector products by iteration)

» PALPATINE / Phase detection tests :
> Nb iterations =~ 5200/3000

» Elapsed time ~ 34/7 seconds

1f(x) = |Amp.cos(22x)[?
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PALPATINE : A profiling analyzer using Linux Perf brofiling analyzer

using Linux Perf

Conjugate gradient - Stat example
Matthieu

counter conjugate gradient CARRERE
IPC 1.68
Vectorization rate (double) 1.0 PALPATINE
Arith instructions rate 0.8
Arith instructions by cycle 1.35
Arith operations by cycle 5.39
cache-misses-ratio 0.46
cycles 6.97e+10
instructions 1.17e+11
cache-misses 2.15e+09
cache-references 4.66e+09
fp_arith_inst_retired.scalar double 9.43e+-07

fp_arith _inst_retired.256b packed double 9.38e+10




PALPATINE : A profiling analyzer using Linux Perf brofiling analyzer

using Linux Perf

Conjugate gradient - Record Report example
Matthieu
CARRERE

» The most important function found : mkl blas avx2 xdgemv t!

Counter Usage Events functionSamples library el
cycles 94.69%  6.81e+10 138000 libmkl avx2.so.1
instructions 05.48%  1.12e+11 139000 libmkl avx2.so0.1
cache-misses 98.37%  2.18e+09 139000 libmkl avx2.so.1
cache-references 92.33%  4.41e+09 128000 libmkl avx2.so.1
scalar 100.00% 9.2e+07 46  libmkl avx2.s0.1
vector 99.86%  9.37e+10 46800 libmkl avx2.s0.1

» scalar: fp_arith inst retired.scalar double

» vector: fp arith inst retired.256b packed double

mkl : Intel Math Kernel Library




Linux Perf profilng analyzer

using Linux Perf

Hardware Performance Counters (HPC)
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» Counters provided by CPU to a dedicated unit : Performance Monitoring
unit (PMU)

Linux Perf

» Set of special registers build into wide variety of micro-architectures of

processors (x86/x64, ARM, ...)
» Limited number of registers
» Records events related to HPC in registers

» Event examples : cycles, instructions, cache-misses

> A good way to profile and understand the behavior of a code while
an execution




Linux Perf

Linux Perf Tool
» Perf Linux : Linux profiling tool that interfaces performance counters

recovery with the operating system.
» Stat Module :
» Counts all selected events for a processus
» Multiplexing if : sum of events selected > number of material registers
» Some options like topdown, interval, ...
» Record Module :

» Samples selected events and records IP instructions to compare events with
assembly/source code for a processus

» Some options like call-graph, recovery frequency, ...

» Overhead more important and output files can be huge

PALPATINE : A
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Linux Perf

Perf Stat - Matrix product examples

» Algorithms in C : Naive and Cache/Register Blocking
» Precision: Double; Size: 800x800 (14.7MB in memory)

» Commands : $perf stat -e SEVENTS ./naive-O3.out // blocking-O3.out

Performance counter stats for './naive—O3.out':
2560055536 cycles

4139788660 instructions 1,62 insn per cycle

984026446 mem load retired.|1 hit

518365089 mem load retired.ll miss

467396259 mem _load retired. |2 hit

50208243 mem_load retired.l2 miss

48010870 mem load retired. 13 hit

2877750 mem Tload retired.l3 'miss
0,633742787 seconds time ela;sed
0,629755000 seconds user
0,003985000 seconds sys

PALPATINE : A
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Linux Perf

for './blocking—03.out ":
624347581 cycles
2166757751 instructions 3,47 insn per cycle

668691220 mem load retired. |1 hit
4097486 mem load retired.ll miss
3113575 mem load retired.|2 hit
982984 mem load retired.|2 miss

946266 mem load retired. 13 hit

77766 mem Toad retired.I3 'miss
0,150127155 seconds time eE\psed
0,146067000 seconds user
0,004057000 seconds sys

Version Speedup IPC L1 ratio L2 ratio L3 ratio
Naive 1.00 1.62 35% 10% 6%
Blocking 4.22 3.47 1% 24% 8%




Linux Perf profilng analyzer

using Linux Perf

Matrix product example - Naive

[samples: K of event 'cycles', 4800 Hz, Event count (approx.): 2113715930

Perf Record - Perf Report (left) and Annotate (right)
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percent

Déassenblage de la section .text :

6000000000001240 <dgemm>:

// Matrix multiplication
void dgenn(double **c, double **a, double **b,
{

Samples: 5K of event 'cycles', Event count (approx.): 2113715930
children Conmand shared Object symbol
dg-select-03.ou dg-select-03.out [.] _start
dg-select-03.0u libc-2.31.s0 [.] __libc_start_main
dg-select-03.0u dg-select-03.out  [.] mai
dg-select-03. o
dg-select-03.ou [kernel.kallsyns] [k] asn_sysvec_apic_timer_interrupt

Sox3, grdt
for (int i:
dg-select-03.0u [kernel.kallsyns] [k] sysvec_apic_timer_interrupt o
dg-select-03.ou [kernel.kallsyms] q_w
dg-select-03.0u [kernel.kallsyns] [k] _sysvec_apic_timer_interrupt
dg-select-03.0u [kernel.kallsyns] [k] hrtimer_tnterrupt
dg-select-03.0ou [kernel.kallsyns] sysvec_irq_work
dg-select-03.ou [kernel.kallsyns] __hrtimer_run_queues

{
for (int j

for (int k=0; kesize; k++)

c[i][3]=c[1][3] + 3[‘][k] - b[k][ﬂ
mov. (%rbx,%r16,1)
mov. (%r11,%r10,1), et
xor Secx, %

for (int ize; ke
vmovsd  (%rs),%xmn1




Linux Perf profilng analyzer

using Linux Perf

Perf Overhead - Matrix product example - Time
Matthieu
CARRERE

» Naive Algorithms - 8 events

Analysis Output Size Time(s) Overhead factor

N/A N/A 1.53 x1.0 e pert
Perf stat 1 KB 1.77 x1.2
Perf record 183 MB 4.47 x2.9

» Blocking Algorithms - 8 events

Analysis Output Size Time(s) Overhead factor
N/A N/A 0.32 x1.0
Perf stat 1 KB 0.49 x1.5
Perf record 21 MB 2.35 x7.3




PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

A phase detection in Linux Perf
Matthieu
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» ldea : include the phase detection in Linux Perf Tool

» Goal : profile differently and more efficiently with performance counters

Phase detection

» Reduce the overhead created by the collect

v

Reduce the size of output data

v

Reduce the analysis time for the human

» Improve the analysis precision

» Principle : Identify and sort while the runtime of an application different
behaviors change




Phase detection

Definitions

> Interval : series of executed instructions delimited by a time interval
» Events counted for HPC

» 2 instruction positions

» Phase : series of executed instructions (intervals) with same properties
> Create a phase : |variation rate|eyens > limiteyent

» Group an interval in a phase : |variation rate|eyen: < limiteyent

PALPATINE : A
profiling analyzer
using Linux Perf
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Phase detection rofiling analyzer
usin inux Perf
A phase detection in Linux Perf - Schema g Linwx P
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perf stat --phase-detection

Phase detection

| s interval

— :timeline




Phase detection profiing analyzer
using Linux Perf

Perf Stat - Method
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» Recover events by time interval

» Events and metric used :

Phase detection

» IPC! : instructions per cycle

» Branch-misses® : bad prediction for a branch

» Different techniques allow to differentiate the phases

1Sherwood, Timothy, Suleyman Sair, and Brad Calder. "Phase tracking and prediction."
ACM SIGARCH Computer Architecture News 31.2 (2003): 336-349.

2Balasubramonian, Rajeev, et al. "Memory hierarchy reconfiguration for energy and
performance in general-purpose processor architectures." Proceedings of the 33rd annual
ACM/IEEE international symposium on Microarchitecture. (2000).




PALPATINE : A

Phase detectlon profiling analyzer
using Linux Perf

Perf Stat - Differentiate phases
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> 2 steps to differentiate phases :

» Calculate the variation rate for an event or a metric at each time interval

» Determine a limit for these variations to know if we are in a same phase or a
new phase (ﬁxed Iimit) Phase detection

» 2 techniques to calculate the variation rate :

> Naing\:ﬂ'

(1) = gt s — 11+ mpeli) = [1PC(0) — 1PC(i 1) (1)
» Median :

(i) = |—2MO 4 i) = 1PC() — Medianpe. )l (2)

Medianb,, j&jfl)




Phase detection e

using Linux Perf

Test Protocol: Conjugate Gradient - Experiments
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> An extensive series of comparisons has been carried out with the
conjugate gradient calculation like first results :

> Interval / Phases buffer sizes : [4;128] / [128;8096] Phase detection
» Methods : naive / median

» Events/metric : IPC / BM / IPC&BM

> Time interval : [1;8]ms

> IPC / BM rate variation limits : [0.;1.] / [0.;1.]




Phase detection e

using Linux Perf

First results: Comparison between multiple parameters

Matthieu
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» 10 samples, time;jpiervals: 1ms

Versions IPC limit BM limit Max(|mean diff|) Nb Phases

Naive BM N/A [0.5;1] 10% [80;209] Phase detection
Naive IPC [0.2;1] N/A 14% [27;474]

Naive IPCBM  [0.2;0.6] [0.5;0.6] 9% [83;169]

Median BM N/A [0.5;0.8] 12% [76;144]

Median IPC [0.6;0.9] N/A 15% [29;99]

Median IPCBM [0.6;0.7]  [0.5;0.7]  10% [55;85]

» Commune variation rate limits (IPC , BM) : (0.6 , 0.5)




PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

First results: version comparison for (IPC , BM) : (0.6 , 0.5) - Phases

Matthieu
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8lij, k=0 =2 Pt T
’:Oﬂuk 5 ntext
T Gmimanlij, k = 0) = 10 Byom o) Bl
S o » PALPATINE

Linux Perf

B Qmeanli,j, k= 0) =
Phase detection

I Backups

Phase B0 (+1 = dpean)

conjugate_gradient median_bm_128 2048 0. 051 9.5000+01 (+/-14.39%)

conjugate_gradient_median_ipc 128 2048 0.6 0. 1 101006402 (+/-11.11%)

conjugate_gradient_median_pcbm_128_2048_0.6.0.5 1 8.5000e-+01 (+/-4.31%)

conjugate_gradient naive_bm_128_2048_0. 0.5 1 2.09006+02 (+/-10.10%)

conjugate_gradient naive_ipc_128 2048 0.6 0. 1 1.21000+02 (+/-5.88%)

conjugate_gradient naive_ipcbm 128 2048 0.6 0.5 1 8.1000e+01 (+/7.68%)




Phase detection

First results: version comparison for (IPC , BM) : (0.6 , 0.5) - Other parameters

00, j, k = 0) = 220 Pue
2 Buix
T Cminmandicj, k= 0) = 22 Pron 0Pl
3 Biik
100, "5 80
- i) k=0)=— 55 "

Method : variation : Repeition (m) : 10
Jifer ntercal f phases) - 128 1 2048

o
Limit (PC ) branch-misces) - varation  variation
e

Samping Time

ExIodE

Intervals B, o (+/~ Gnear)

Duration(s) B o (+/~ Gpesn)

Cycles B0 (4= Gpear)

InStructions B0 (+1 = apeur)

Branch-misses B0 (+/ ~ dnear)

conjugate_gradient median_bm_128 2048 0. 051

6.20600+03 (+/-0.19%)

711690400 (+1-0.20%)

1.34490+10 (+/-0.20%)

2.0027€+10 (+/-0.01%)

1.98476+07 (+-0.60%)

conjugate_gradient_median_ipc_128_2048_0.6.0. 1

6.2880e+03 (+/:0.34%)

7.08796+00 (+/-0.14%)

1.34066+10 (+/:0.15%)

2.00286+10 (+/:0.03%)

1.97626+07 (+/:0.49%)

conjugate_gradient_median_ipcbm_128_2048_0.

6.28406+03 (+/:0.31%)

7.1038e+00 (+/:0.15%)

134266410 (+:0.15%)

2.00326+10 (+/:0.01%)

1.96426-+07 (+/-1.08%)

conjugate_gradient naive_bm_128 2048 0. 0.5 1

6.2720e+03 (+/-0.34%)

7.11486+00 (+/-0.45%)

134416410 (+/-0.43%)

2.09346+10 (+/-0.04%)

195836407 (+/-0.86%)

conjugate_gradient_naive_ipc_128_2048_0.6.0, 1

6.30800+03 (+/:0.23%)

711930400 (+1-0.21%)

134540410 (+/-0.21%)

2.00326+10 (+/-0.01%)

198240407 (+/-0.52%)

conjugate_gradient naive_ipcbm 128 2048 0.6 0.5 1

6.27906+03 (+/:0.51%)

7.10366+00 (+/:0.15%)

1.3425€+10 (+/:0.16%)

2.00286+10 (+/:0.02%)

1.98526+07 (+/:0.33%)
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Phase detection CAIPATINERL:

profiling analyzer

usin inux Perf
First results: Median IPCBM - 1 sample with phases for (IPC , BM) : (0.6 , 0.5) ® )

Perf stat with detection phase option output for the conjugate gradient example Matthieu

median_ipcbm_128_2048_0.6_0.5_1_data0 CARRERE

8 56 H
£ 28
5 I | H"H“ ‘ | H

Ll HH
Emaan
EERRIIR
EENNIER

1e6

R Y

Phase detection

S 0.0011 'I [

2132

8 4255

5 oonn AT ‘H

IR

.000 0.072 0.144 0.216 0.288 0.361 0.433 0.505 0.577 0.649 0.721 0.793 0.865 0.937 1.010 1.082 1.154 1.226 1.298 1370 1.442 1514 1.586 1.659 1.731 1.803 1.875 1.947 2.019 2.091
IP_instructions 1el0

o 2312 l‘
-4




Phase detection CAIPATINERL:

profiling analyzer

usin inux Perf
First results: Median IPCBM - 10 samples for (IPC , BM) : (0.6 , 0.5) g Linwx P

Perf stat with detection phase option output for the conjugate gradient example Matthieu
median_ipcbm_128 2048 0.6_0.5_1_data0 datad data? CARRERE
datal datas datas

% data2 data6 datad

data3

Phase detection

1leg

Instructions

1e6

Branch-misses

IPC
3
£

0.

094
0.000 0.072 0.144 0217 0.289 0.361 0.433 0.505 0.577 0.650 0.722 0.794 0.866 0.938 1.011 1.083 1.155 1.227 1.299 1.371 1.444 1516 1.588 1.660 1.732 1.805 1.877 1.949 2.021 2.093
P_instructions 1el0




Phase detection
Next steps

» Multiply experiments on different scientific codes (C/C++ codes)
» Provide right limits for metrics/HPC (fixed or dynamic)
» Estimate the best choice between : IPC, BM or IPC&BM
» Provide the best technique to differentiate phases

» Use instruction’s adress with the phase detection option

> Merge this work with PALPATINE

PALPATINE : A
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Thank you for your attention




Backups
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Linux Perf profilng analyzer

using Linux Perf

Creation of metrics : Vectorization Ratio
Matthieu
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» Possibility to combine HPC to create metrics like the vectorization ratio 7ec
» Count floating-point instructions in single and double precision

» Differentiate scalar and vector instructions (avx,avx2,avx512)
Backups

Ovec = > (2% hogapi + 4 * bose,abi + 8 * ls12,db1) 3)

OVeC
Ot =S | ; ~ 0 _ 10O . *
scal Z scal,dbl Tvec Ovec + Oscal ( )




Linux Perf profilng analyzer

using Linux Perf

Metrics - CORSIKAT’s Optimization Work?
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7004
59.529 -
60% 59.52% ext
6004
’ PALPATINE
50%
=) 2 500 w Linux Perf
B z ®
Z A0% o] . Phase detection
E S 1004 Versions
5 0. V7.6900-0RG 2 0. v7.6900-ORG
2 30 L VT.6900-0PT 1. V7.6900-OPT Backups
g 2 300
2 3
s g
0% 200 ]
10% 1004
0.57%
0% 0
0 1 0 1
Nshowers=5000 Nshowers=5000

! Arrabito, L., Bernlohr, K., Bregeon, J., Carrére, M., Khattabi, A., Langlois, P., ... Revy,
G. (2020). Optimizing Cherenkov Photons Generation and Propagation in CORSIKA for CTA
Monte—Carlo Simulations. Computing and Software for Big Science, 4(1), 1-14.




CORSIKA T7's experiment

Hardware and compile

» Hardware : Dali512 Server (2x Intel Xeon Gold 5122)

Machine Technical details of processor
Dali512 Server Cores : 4 (8 logical)
Frequency : 3.6Ghz
Cache (L1/L2/L3) : 64Ko/1Mo/16Mo
Instructions sets : AVX-AVX2-AVX512

» Compiler : Gee/Gfortran 8.3
» Flags AVX2 : -03 -mavx2 -std=C99

» Flags AVX512 : -O3 -mavx512f -ffp-contract=off -std=C99

PALPATINE : A
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Matthieu
CARRERE

Backups




CORSIKA 7's experiment rofiling analyzer

using Linux Perf

Typical experiment

Matthieu
Parameter Value CARRERE
Incident particule gamma
Interaction electromagnetic
Showers 5000
Total energy 3 GeV to 330 TeV (pow law)
Incidence angles 20° (zenith) and 180° (azimuth) packues
Cut energy 20 MeV
Earth's magnetic field 21 uT
Atmosphere heigh 112.8 km
Observator heigh 2.15 km
Telescopes 99
Telescope grid 10

Seed fixed




Phase detection

Test protocol

» Disabled Intel SpeedStep
» Disabled Intel Speed Shift Technology
» Disabled Intel TurboBoost

» Disabled HyperThread control

PALPATINE : A
profiling analyzer
using Linux Perf
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Phase detection

Histogram - version comparison for BM

00ij, k=0) =222 ux
2 Bk
100. * |min/max(Bi,j.0:m-1) = Bu«l

T dminmaxi j k=0) =

100, +"3 s
B Gpean(i, k= 0)=——5——

ces) 120/ 2040

Butier (mierale
e e

Phase B0 (+/~ Gne)

‘conjugate_gradient median_bm 128 2048_0. 051

9.5000e+01 (+/-14.39%)

900002401 (+/-4.94%)

conjugate_gradient medianadaptative_bm_ 128 2048 0. 0.5 1

conjugate_gradient naive_bm 128 2048 0. 0.5 1

2.0900e+02 (+/-10.10%)

PALPATINE : A
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Phase detection

Histogram - version comparison for IPC

8i.j, k= 0) =222 Pur
2 Biik
100. *|min/max(B,.0:m-1) = Bij.el

1 dminmaxi j k=0) = g
hZQB "

™

1
B Qean(i, j, k= 0) =

Phase B0 (+/~ G)

101006402 (+/11.11%)

conjugate._gradient median_ipc_128 2048 0.6 0.1

1.47000402 (+/-4.54%)

conjugate._gradient medianAdaptative_ipc_128 2048 0.6 0. 1

121006402 (+/:5.88%)

conjugate_gradient naive_ipc_128 204806 0. 1
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Phase detection

Histogram - version comparison for IPCBM

607, j, k= 0) = 200" Pux
3 Biie

=)

100, *min/max(Biy0.m-1) Bl

et Bepetion (m): 10

ot ) 1251 2048

Uk (b7 branchmisass) | 06105
Samping Tme -1 ms

Phase B0 (+/ = Ge)

‘conjugate_gradient median_ipcbm_128_2048 0.6 0.5 1

850000401 (+/-4.31%)

conjugate_gradient medianadaptative_ipcbm 128 2048 0.6 0.5 1

6.90006-+01 (+/:3.86%)

conjugate_gradient naive_ipcbm 128 2048 0.6 0.5 1

810008401 (+/-7.68%)
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PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

Histogram - version comparison for all

Matthieu
L CARRERE
I a _ 100. * |minimax(Bi,0:m-3) = Bij.xl ontext

n;;ﬂ‘“ )
e PALPATINE
B Qean(i,j, k=0) = % B
| I Linux

i
1 Backups

Pase B (+/ = Gu)

conjugate_gradient median_bm 128 2043.0.05 1 950006401 (+/:14.39%)
conjugate_gradient median_ipc 126 2048 0.6.0.1 101006402 (+/11.115%)
conjugate_oradient medan_ipcbm 128 2048.0.6.051 850008401 (+:4.31%)
conjugate_gradient medianAdaptative_bm 128 2048005 1 900000401 (+-4.94%)
conjugate_gradient medianAdaptative_ipc_126.2048.0.6.0.1 147000402 (+1:4.54%)
conjugate gradient medlanAdaptative_ipchm 128 2048 0.6 05 1 690002401 (+1:3.86%)
conjugate_oradient_naive_bm 128 2045.0. 05 1 209008402 (+:10.10%)
conjugate gradient naive_pc 1282048 06.0. 1 121000402 (+/5.86%)

conjugate_gradient naive_ipcbm 128 2048 0.6 0.5 1 810000401 (+/-7.68%)




PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

Histogram - version comparison for all - other parameters

Matthieu
- 100,45, athod : A 20 CARRERE
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Linux Perf
- >hase detection
Backups
ntervals o 4+ ) Duration(s) o (+/~ ) Cycles o (H ) Instructions 8,0 (41~ G Branchmisses o (+/~ G
conjugate_gradient_median_bm_ 128 2048.0._05.1 629600403 (+£0.19%) 711696400 (+/0.20%) 134498410 (+1:0.20%) 209276410 (+1:001%) 198476407 (+1:0.60%)
conlugate_gradient_median_pc_128_2048.0.6.0.1 6.28800+03 (+£0.34%) 7.09796.+00 (+1-0.14 134066410 (+015%) 2.09296+10 (+:0.03%) 197626407 (+049%)
conjugate_gradient_median_pcbm 126_2048.0.6.0.5_1 628400403 (+£0.31%) 7.1038400 (+:0.15%) 134266410 (+10.15%) 20932410 (+:001%) 196426407 (+/-1.08%)
conjugate_oradient_mecianAdsptatve_br 126 2045.0,05.1 526406403 (+£0.69%) 7.06546.400 (+1:054%) 133566410 (+10.53%) 209316410 (+10.01%) 198766407 (+1-0.36%)
conjugate.gradient medionadaptative_lpc_ 128 2048 0.6.0.1 629200403 (+£0.24%) 7.12316400 (+:0.32%) 1343564120 (41017%) 2.09260410 (+1:003%) 196236407 (+/0.30%)
conjugate_gradient medianAdapative_pcbm 126.2045.06.05 1 629100403 (+£0.26%) 7.09606.400 (+1:0.12%) 130136410 (+10.13%) 20929410 (+1:0.01%) 196220407 (+10.42%)
conjugate_gradient_nalve_bm_128 2048.0.0.5.1 627200403 (+£0.34%) 7.11446400 (+1-0.45%) 1344264120 (+1043%) 20934410 (+1:004%) 195836407 (+/-0.86%)
conjugate_gradient_naive_ipe_126_2046_06.0.1 630800403 (+£0.23%) 71193400 (+:021%) 134546410 (+10.21%) 20932410 (+0.01%) 198266407 (+052%)
conjugate_gradient_naive_pcbm 126 2048.0.6.0.5 1 627900403 (+£0.51%) 7.10368400 (+-0.15%) 1342564120 (410.16%) 2.09280410 (+1-0.02%) 198526407 (+10.33%)




Phase detection

Graph - Median Adaptative IPC - 1 sample

Perf stat with detection phase option output for the conjugate gradient example

medianAdaptative_ipc_128_2048_0.6_0._1_data0
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PALPATINE : A

Phase detectlon prc.n‘iling. analyzer
Graph - Median Adaptative BM - 1 sample using Linux Perf

Perf stat with detection phase option output for the conjugate gradient example Matthieu

medianAdaptative_bm_128_2048_0. 0.5_1_data0 CARRERE
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Duration(s)

Branch-misses

Phase detection
Graph - Median Adaptative IPCBM - 1 sample

Perf stat with detection phase option output for the conjugate gradient example

medianAdaptative_ipcbm_128_2048_0.6_0.5_1_data0
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PALPATINE : A

Phase detectlon prc.n‘iling. analyzer
Graph - Median IPC - 1 sample using Linux Pert

Perf stat with detection phase option output for the conjugate gradient example Matthieu
median_ipc_128_2048 0.6_0._1_data0 CARRERE
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PALPATINE : A

Phase detectlon prc.n‘iling analyzer
Graph - Median BM - 1 sample using Linux Pert

Perf stat with detection phase option output for the conjugate gradient example Matthieu

median_bm_128_2048_0._0.5_1_data0 CARRERE
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Phase detection

Graph - Median IPCBM - 1 sample

Perf stat with detection phase option output for the conjugate gradient example

median_ipcbm_128_2048_0.6_0.5_1_data0
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PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

Graph - Naive IPC - 1 sample

Perf stat with detection phase option output for the conjugate gradient example Matthieu
naive_ipc_128 2048_0.6_0._1_data0 CARRERE

Phase
®
g

=
&

et

, 38.00
T 25.67
I‘ i

1333
1.00 4

Inten

0.04291

0.02897 “ ﬂ Backups
ILLd d

0.01503
0.00109 +

8.106 1e7
b H ‘ ‘ u\m‘ H
3 2.819
ol ‘ ‘\” | iP JJ
1557
20521
2 ooos Jh I/ ‘\“ | IH

176694
i i

Duration(s)

Branch-misses

3.383

o 2315

-4

= 1247
o

1178 +
0.000 0.072 0.144 0.216 0.289 0.361 0.433 0.505 0.577 0.649 0.721 0.794 0.866 0.938 1.010 1.082 1.154 1.226 1.298 1.371 1.443 1.515 1.587 1.659 1.731 1.803 1.876 1.948 2.020 2.092
IP_instructions 1lel0




PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

Graph - Naive BM - 1 sample

Perf stat with detection phase option output for the conjugate gradient example Matthieu
naive_bm_128 2048 0. 0.5_1_data0 CARRERE
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PALPATINE : A

Phase detectlon profiling analyzer

using Linux Perf

Graph - Naive IPCBM - 1 sample
Perf stat with detection phase option output for the conjugate gradient example Matthieu
naive_ipcbm_128_2048_0.6_0.5_1_data0 CARRERE
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PALPATINE profilng analyzer

using Linux Perf

Counter Hotspot Function Total_Usage Assembly_Adress Assembly_Events Assembly_Line Matthieu
CARRERE
cycles 770 mkI_blas_avx2_xdgemv_t 94.39 5520 1.47e+09 vmovupd ymm10,YMMWORL...]
cycles 7:0 mkI_blas_avx2_xdgemv_t 94.39 55f2e6 2.44e+09 vmovupd ymm10,YMMWOR(...] Contex
cycles mki_blas_avx2_xdgemv_t 94.39 55f2ea 9.83e+08 vmovupd ymm10,YMMWOR. PALPATINE
cycles 770 mki_blas_avx2_xdgemv_t 94.39 55f2ef 1.31e+09 vmovupd ymm10,YMMWORL...] Linux Perf
cycles 70 mki_blas_avx2_xdgemv_t 94.39 55214 6.66e+09 vmovupd ymm10,YMMWOR( Phaseldetection
cycles mki_blas_avx2_xdgemy_t 94.39 55f2fb 8.91e+09 vmovupd ymm10,YMMWOR( Backups
cycles 72:0 mki_blas_avx2_xdgemy_t 94.39 551302 8.36e+09 vmovupd ymm10,YMMWOR...]
cycles 7:0 mki_blas_avx2_xdgemv_t 94.39 551308 8.73e+09 vmovupd ymm10,YMMWOR...]
cycles 70 mki_blas_avx2_xdgemv_t 94.39 55130d 2.47e+09 vmovupd ymm10,YMMWOR...]
cycles 72:0 mki_blas_avx2_xdgemy_t 94.39 551313 431e+09 vmovupd ymm10,YMMWOR...]
cycles 77:0 mkI_blas_avx2_xdgemv_t 94.39 551319 3.22e+09 vmovupd ymm10,YMMWOR...]
cycles 70 mkI_blas_avx2_xdgemv_t 94.39 55f31f 4.09e+09 vmovupd ymm10,YMMWOR...]
cycles 7:0 mki_blas_avx2_xdgemy_t 94.39 551323 3.24e+09 vmovupd ymm10,YMMWOR(
cycles 770 mki_blas_avx2_xdgemv_t 94.39 556327 3.11e+09 vmovupd ymm10,YMMWORL...]
cycles 70 mkI_blas_avx2_xdgemv_t 94.39 551320 3.40e+09 vmovupd ymm10,YMMWOR(
cycles 7:0 mki_blas_avx2_xdgemy_t 94.39 55f32f 3.05e+09 vmovupd ymm10,YMMWOR(




PALPATINE

Counter Hotspot Function Total Usage Assembly_Adress Assembly_Events Assembly_Line
fp_arith_inst_retirel...] 7:0 mkI_blas_avx2_xdgemv_t 100.0 5512e6 2.00e+06 add  rax,0x8
fp_arith_inst_retirel...] 7.0 mki_blas_avx2_xdgemv_t 100.0 55f2ef 4.00e+06 add  rax,0x8
fp_arith_inst_retirel...] 7:0 mkI_blas_avx2_xdgemv_t 100.0 55124 4.00e+06 add rax,0x8
fp_arith_inst_retirel...] 7:0 mkI_blas_avx2_xdgemv_t 100.0 55021 5.80e+07 add  rax,0x8
fp_arith_inst_retirel...] 7:0 mki_blas_avx2_xdgemv_t 100.0 551302 1.20e+07 add  rax,0x8
fp_arith_inst_retirel...] 27:0 mKI_blas_avx2_xdgemv_t 100.0 55f308 1.00e+07 add  rax,0x8
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PALPATINE

Counter Hotspot Function Total_Usage Assembly_Adress Assembly_Events Assembly_Line
fp_arith_inst_retire[...] 770 mki_blas_avx2_xdgemy_t 99.53 55120 2.71e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 7:0 mki_blas_avx2_xdgemy_t 99.53 55f2e6 4.50e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] mki_blas_avx2_xdgemy_t 99.53 55f2ea 1.54e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 770 mki_blas_avx2_xdgemy_t 99.53 552ef 1.99e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 70 mki_blas_avx2_xdgemv_t 99.53 55214 9.21e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] mKi_blas_avx2_xdgemy_t 99.53 55f2fb 1.07e+10 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 77:0 mki_blas_avx2_xdgemy_t 99.53 55f302 1.01e+10 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 770 mki_blas_avx2_xdgemv_t 99.53 551308 1.08e+10 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 72:0 mKi_blas_avx2_xdgemy_t 99.53 55f30d 4.42e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 720 mki_blas_avx2_xdgemy_t 99.53 551313 8.15e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 770 mki_blas_avx2_xdgemv_t 99.53 551319 5.30e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 72:0 mKkI_blas_avx2_xdgemv_t 99.53 5531f 4.81e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 720 mki_blas_avx2_xdgemy_t 99.53 551323 3.90e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 770 mki_blas_avx2_xdgemv_t 99.53 551327 3.83e+09 vmovupd ymm10,YMMWORL...]
fp_arith_inst_retire[...] 7:0 mki_blas_avx2_xdgemy_t 99.53 55f32b 4.15e+09 vmovupd ymm10,YMMWOR...]
fp_arith_inst_retire[...] 720 mki_blas_avx2_xdgemy_t 99.53 5532f 4.15e+09 vmovupd ymm10,YMMWORL...]
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