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e Introduction to PAPI

e My experience with PAPI



Introduction to PAPI
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PAPI

e Uniform access to hardware performance
counters

e My usage
e Justification of gains of optimisations
* |dentify side effects
e |dentify the executed code (Hotspot)



Code executed

..B1.14:

movaps %Xmmod, %xmm3

paddd %xmml, Sxmmo

pslld $2, %xmm3

movdqga %sxmm3, (%rax,%rcx,4)

addq $4, %rcx

paddd %Xmm3, Sxmm2

cmpq %rdx, Srcx

]b ..B1.14

..B2.12:

movdga %rcx), %xmmo
addq $4, S%rax
pslld $2, %xmmo
movdga %xmm@, (%rcx)
addq $16, S%rcx
cmpg %r8, S%rax
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jb

..B2.12




The results -
What is its significance”

e The number is good or bad?

e The question is: It is possible to improve?
 Knowledge of the problem

e Define the bottleneck of the code (Other tools. Gprof...)
e When possible identify theorical limit (Gflops/Misses)
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Example (-O0 vs -O3)

CPI 0.6 1.3

Convolve 3xI
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Example (-O0 vs -O3)

4 !
#l 3. x 105 | 1.0x 10¢
#CC 20x 108 | 1.4 x 108
CPI 0.6 1.3

Convolve 3xI
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Example (-O0 vs -O3)

-O0 -O3
#l 3. x 105 | 1.0x 10¢

#CC 20x 108 | 1.4 x 108
CPI 0.6 1.3

Convolve 3xI
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Improve performance

e Knowledge of the problem

e Knowledge and implementation of the
optimisations

e Analyse and compare performance counters
e Justify improvements with the new values
* Analyse side effects

* [t may be necessary to analyse more counters (using
guessing/intuition )
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Example (Loop Fusion)

fori= 1| to N

M[i]+= CI for|=.l to_N
fori= 1| to N MLi]+=Cl
M[i] «= C2

M[i] += C2
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Example (Loop Fusion)

1.2
1.0
08" e \What is the problem?
0.6
0.4 - e | ess instructions
502- o Better locality in access
0.0 _&QC‘;\}O(\ &C}Q)% ({\\%éb% ({\\%%Qg ({\\%%Q)% d ata
N N
A - - e But more clock cycles
A
N AN
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Example (Loop Fusion)

0.4 - * More misses on access the
Instruction
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Performance metrics

e CPIl and miss rate
e Hides increases in instructions and access

e Cycles/Misses/Instructions per element
e Different problems, different values

e [t Is not direct to compare the performance of
different problems
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What to measure?

e All code

 Hide local improvements

e Part of the code that was optimised

* The size of input
e Attention to precision of PAPI (papi_cost)

e Data size (example optimisation access data, the problem
do not fit in cache levels)
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How to use PAP| «moe
(EXAMPLE 1)

(u.)

string nEvents [NUMEVENTS] = { "PAPI_TOT_INS", "PAPI_TOT_CYC" };
int events [NUMEVENTS] = {PAPI _TOT_INS, PAPI TOT CYC};

long long values [NUMEVENTS];

int errorcode;
char errorstring [PAPI_MAX_STR_LEN+1];

// Initialize Papi and 1its events

startPAPI();
errorcode = PAPI start_counters(events, NUMEVENTS);

convolve3xl (res_img—>buf, img—>buf, img—>width, img->height);
errorcode = PAPI_stop_counters(values, NUMEVENTS);

for (int w=0; w<NUMEVENTS; w++)
cout << nEvents|[w] << ":" << values[w] << endl;

(vod)
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Problem in this approach

e The number of counters is limited

e Solution
e Run several times
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How to use PAP| «moe
(EXAMPLE 1)

int main(int argc, char sxxargv

events_define_by user();

for (int i = 0; i < papi_profiler_length_events; i++) {

init_program();
papi_profiler_i = i;

main2(argc, argv); //original main

PAPI_shutdown();
}

print_cache();

(o)

exit(0); // Initialize Papi and its events
papi_profiler_start();

convolve3xl (res_img—>buf, img->buf, img->width, img->height);

papi_profiler_stop();
(tuu)
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PAP| commands

e papi_avall

* papi_error_codes
e papi_cost

e papi_mem_info

e papi_native_avalil



My experience with PAPI
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Counters

e Total of instructions completed
e Total cycles
e Cache accesses (L1, L2 and L3)

e Cache misses (L1, L2 and L3)
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Case studies

* Molecular dynamics simulation
e Matrix Multiplication

e Others
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PAPI
Sequential versions
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Loop Reorder
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Loop Reorder

JK

fori=1toRA
forj=1to CB
fork=1toRB

Clil[j] += Afil[k]*B[k]]]

K)




Loop Reorder (M M)

_ Ratio Base/Loop Reorder
 No gains on small

clock cycles L1 misses
problems - >
g & +
e Fitin L1/L2 cache i % 2 L
TS TR
® Better |OCa|Ity => problem size KB problem size KB
Increased performance =~ t2misses L3 misses
8
* Better usage of L2/L3 § 20 %
. T EE S T E SRS
* InStrUCthn COu nt problem si(;ezB problem siqz/eEB

remains constant
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Loop Tiling
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Matrix Multiplication

e Matrix computations by blocks
e Block size is adjusted to different levels of the cache



Loop Tiling (MD)
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Counts as function of tile size (problem size ~35MB)

e |nstruction count nstructions

overhead on small block . ez

4de+121
3e+121

S I Ze igiig
e+
SRR

block size (KB)

e Tile size can be tuned to L1 misses

number

* |Inner loop is small

2.0e+11 ]
L1/L2/L3 R
25.Oe+10—
e More impact of L2/L3 misses o.%mgQi%f%q}o

e Similar results in MM Plock ize (K8)

— Base version

clock cycles

4e+124

3e+12

=[]

Oe+0 ¢
e+ Q%\?i&%

block size (KB)

L2 misses

8e+0

6e+0

4e+0 {l{w
2e+0 [}

0e+00-4sh ks

block size (KB)

L1 refs

1.5e+12-
1.0e+121| |
5.0e+114

block size (KB)

L3 misses

2.0e+10+
1.5e+10+
1.0e+10+
5.0e+09+

-
0.0e+00- T ‘Zh/O

block size (KB)
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Matrix Multiplication

instructions clock cycles L1 refs
Bet]le — tesias ] 3.0e+119
2 2.5e+111
S de+11 g 8Be+1™ 2
E S g 2.0e+114
G 3e+1t] o 6e+1™ S 4 Borts
= O 1.0e+114
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— - — o) —
g 2e+11 = 4e+11 ;E: 1 Dottt
£ _ 2 ] 2 ]
g 1e+11+ —_— 2e+114 D 5.0e+10- B
0e+00- O 0e+00q2 o@,/%ﬁ\%%g 0.0e+00- 3 onR oﬂ%\%%gg
QRN > N\ Yk > S\l o
block size (KB) block size (KB) block size (KB)
L1 misses L2 misses L3 misses
8e+09| | 8e+09; S 8e0
3 3 3 N
2 6e+09- & 6e+09- g GerdH
S S S
o 4e+09- o 4e+0H| [ o 4e+097|
O O O
g g g
c  2e+09 c 2e+09H c 2e+09

0e+00- Geore 0e+00- o 5 & 0e+00- a0 5 ‘
SIS S SRS 1

block size (KB) block size (KB) block size (KB)
30



CENTROALGORITMI

PAPI
Parallel versions



Code in parallel versio

void runiters(MD xmd, Particles xparticulas) {

Reduction vars[md->threads];
create_newtowsArrays(vars, md);
md->move = 0;

#pragma
{

#pragma

#pragma

#pragma

#pragma

omp parallel
papi_profiler_start();
for (; md->move < md->movemx;) {

omp master
cicleDoMove(md, particulas); // Calcular o movimento

cicleForces(md, particulas, vars); // Calcular a forca

omp master

{
cicleMkekin(md, particulas); // Scale forces, update velocities
cicleVelavg(md, particulas); // calcular a velocidade
scale_temperature(md, particulas); // temperature scale if required
get_full_potential_energy(md); // sum to get full potential energy and virial
Iy

omp master
md—>move++;
omp barrier

}

papi_profiler_stop();
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ns (1)
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Code in parallel version

int main(int argc, char sxkxargv) {

events_define_ by user();
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S (2)

for (int 1 = 0; i < papi_profiler_length_events; i++) {

init_program();
papi_profiler_i = 1i;

main2(argc, argv); //original main

PAPI shutdown();
¥

print_cache();

exit(0);
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AOP12 threads

instructions clock cycles L1 refs L1 misses
3.5e+11 - NERR | ilm 7e+10 - 1.4e+10 T
3.0e+11 2.0e+11 7 6e+10 - 1.2e+10 -
2.5e+11 150411 - 5e+10 - 1.0e+10
2.0e+11 4e+10 - 8.0e+09
1.5e+11 - 1.0e+11 3e+10 - 6.0e+09 -
1.0e+11 - 506410 - 2e+10 - 4.0e+09 -
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L1_ misses
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L3 cache misses

A

thread id
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AOP 24 threads

instructions clock cycles L1 refs L1 misses
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SOA 24 threads

instructions clock cycles L1 refs L1 misses
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4.0e+06
i 1e+07 7 1e+07
5.0e+07 5 06406 -
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PAPI In Virtual Machine
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Pl in Virtual Machine

® OO0 @ Ubuntu 64-bit: Processors & Memory
| < > |[ ShowaAl | | Add Device... |
Processors
' 4 processor cores =
Memory

() 1024 [ MB

| Y I .

4 MB 1024 MB 8192 MB
(recommended)

a 7168 MB remaining for your Mac

¥ Advanced options

| Enable hypervisor applications in this virtual machine

Enables running modern virtualization applications by providing support for Intel
-X/EPT inside this virtual machine.

able code profiling applications in this virtual machine

nables running modern code profiling applications by providing support for i
CPU performance monitoring counters inside this virtual machine. (?)

The virtual machine is configured to use too many of the processor cores available on your
Mac. This may cause slow performance of your Mac and the virtual machine.
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