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=P Software outlook

High computing requirements: current and future generation experiments are very CPU /
storage hungry. A few percentage of speed improvement might result in big savings in terms
of resources and ultimately (experiment) money.

Heterogeneous environment: running on the grid, HEP software is faced with a plethora of
computing hardware with different performance characteristics and operating environment.
From TOP500 supercomputer to legacy 10 years old hardware in remote locations.

t's therefore important to understand the effect of our design choices on the performance.



What is the time complexity of the following assignment?
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Access patterns matter as well!

#define N 100000000 // 100 million

struct
struct

int main
for (size t

// Fisher-Yates shuffle the array.

for (size_t
size_t
struct

#ifndef BASELINE
int64_t
struct

for (size_t
int64_t

II'/.d\nII
#endif

// j is in [i, SIZE).
// Swap array[i] and arrayl[j].

Cycles / Tteration

175 -

150 -

125 -

100 -

[J L

2 3 32 128 512 2048
Array Size (KiB)

8192 32768 131072
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Flat Address Space

264/ 248
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Flat Virtual Address Space

264/ 248

EE:ED:EE:E[:I:i:[::I:I:::t:]::[:I:I:I:I:I::l:[:l:ﬁ.--:

hegin()
+ capacity()

as much your computing coordinator can afford

Physical
Memory Pages!
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Cache hierarchy

O(1kB) O(100kB) O(TMB) O(T0OMB)

Same memory page Fits in L1 Cache Fits in L2 Cache Fits in L3 Cache

Caches always work in terms of cache lines: copies from / to the
cache always happen in terms of cache-line size aligned chunks

Some processor have multiple cores sharing a L3 cache

Some (e.g. Apple M1) have a very fast memory bus and no L3 cache



?rogrammmg
languages are ]ust
an abstraction of
whnat happens inside
Our computers



There are three key parts to
Improve the pertormance
Of your software:

1. measure
/. measure
3. measure
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Benchmarking

AT = Tend - Ustart



Trivia

penchmarking: time command

> cat busy-loop.cc
#include <cmath>

#define ITERATIONS 10000000000

int main(int, char**) { |
for (size_t i = 1; 1 <= ITERATIONS; ++1) {

log(1);

return 0;

¥
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Trivia

penchmarking: time command

> c++ =02 busy-loop.cc -0 busy-loop

> time ./busy-loop
0.00s user 0.00s system 407 cpu 0.014 total

./busy-loop




ITivial benchmarking: time command

4 h {
| ' ’
N V

> c++ =02 busy-loop.cc -0 busy-loop

> time ./busy-loop
./busy-loop 0.00s user 0.00s system 407 cpu 0.014 total

[sit reasonaple?



Trivial bencnmar

Jng: time command

> cat busy-loop.cc
#include <cmath>

#define ITERATIONS 10000000000

int main(int, char**) {

for (size_t i = 1; i <= ITERATIONS; ++i) {
log(1):

return 0;

¥

Back of the envelope calculation:
10" iterations @ 5GHz*— 2s

IN reality, our CPUs do not get to
5GHz and log takes more than one
cycle to compute.

What is happening?
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[ et's have a look insigde

The objdump command can be

used to inspect the contents in your
> objdump -d busy-loop executable.

busy-loop: file format mach-o armo64 .
HSY7200P ; Here, all the program does is to set

the register WO to the value 0 and

0000000100003fad <_main>: return to the shell.
100003fa0: 52800000 mov wl, #0
100003fad: do65f03cl ret

Disassembly of section __TEXT, _text:

The compiler was smart enough
to optimise everything out!
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ITivial benchmarking: time command

The objdump command can be

o used to inspect the contents in your
| executable.
> objdump -d busy-loop
busy-loop: file format mach-o armé64 In this particular case all the

orogram does is to set the register
WO to the value 0 and return to the
shell.

Disassembly of section __TEXT, _text:
0000000100003fa0 <_main>:
100003fad: d65f03c0 ret

The compiler was smart enough to
optimise everything out!
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ITivial benchmarking: time command

.
> cat busy-loop.cc The o
#include <cmath> used
#define ITERATIONS 10000000000 execL

int main(int, char**) {

return 0;

} shell.

(e

I8

O

ojdump command can be
to

spect the contents in your
e.

In this particular case all the
orogram does is to set the register
WO to the value 0 and return to the

The compiler was smart enough to
optimise dummy code out!
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ITivial benchmarking: time command

1nglgg%nlﬁlgtl1§har**> t Adding a dependency of the result

for (S%ZETE)I = 1; 1 <= ITERATIONS; ++1) { value on the log does not help
) AN elther!

return r;

¥

Once again the compiler is able to
move invariants out of the loop...

0000000100003fa0 <_main>:

100003fa0: 52800000 mov wo, #0
100003fa4: db5f03c0 ret




ITivial benchmarking: time command

1nglgg%nlﬁlgtl1§har**> t Adding a dependency of the result

for (Sizez’%l = 1; 1 < ITERATIONS; ++1) { value on the log does not help
) = 08N, either!

return r;

¥

Once again the compiler is able to
move invariants out of the loop...

. ..even adding a dependency on the
0000000100003fa0 <_main>:

100003fa0: 52800120  mov w0, #9 loop variable!
100003fad: db5f03cO ret
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ITivial benchmarking: time command

int main(int, char**) {
float r = 0; . .
for (size_t i = 1; 1 <= ITERATIONS; ++1) {

1()
} r 08

return r;

¥

> c++ -02 busy-loop.cc -o husy-loop
> time ./busy-loop

A dependency on the actual loop is needed
to avoid optimisations.

100003144:

100003143:
100003 f4c:
100003150
100003154
100003158
100003f5c:
100003160
100003164
100003163
100003f6C:
100003170
1000031 /74:
100003 /8
100003f/c:
100003180
100003184:
100003183
100003f8c:
100003190
100003194:
100003198:

000000010000344 < _main>:

bdbd23e9
a9014ff4
a902/bfd
910083fd
d2800013
2£00e408
d29c3014
f2aad1/4
£2c00054
91000673
9e630260
9400000b
1e22¢101
1e612800
1624008
eb1402/7f
SAffff21
1380100
a942/bfd
a9414ff4
bcc323e9
d65t03c0

stp
stp
stp
add
1[0)Y;
movi
1[0)Y;
movk
movk
add
ucvtf
bl
fcvt
fadd
fcvt
cmp
b.ne
fcvtzs
1dp
1dp
1dp
ret

d9, d8, [sp, #-48]!

x20, x19, [sp, #16]

x29, x30, [sp, #32]

X29, sp, #32

Xx19, #0

d8, #0000000000000000
x20, #58368

x20, #21515, 1sl #16
x20, #2, 1sl #32

X19, x19, #1

d0, x19

0x100003f9¢c <_log+0x100003f9c>
d1, s8

d0, d0, di

s8, d0

X19, x20

0x100003f68 <_main+0x24>

W, S8 _
x29, x30, [sp, #32]
'sp, #16]

x20, X19,
d9, d8, [spl, #48




Understand your code!

Compilers are smart and can do a whole ot of optimisation for you!

Compilers are also very strict and can produce very naive / slow code because the
standard / compiler flags (-fno-fast-math!) forces them to do so!

STL containers are very powerful, yet they have each their own use case. Despite the similar
APls, they have very different performance implications!

Always make sure you are measuring a realistic example and model your expectations
before you run a benchmark, not after!

Exceptional improvements need exceptional validation!
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Further benchmarking issues

Modern CPUs can automatically scale
operating frequency based on the
workload and the environment / power
consumption.

Turbo Boost* from

ntel (or similar for other

CPUs) allows higher frequencies for a short

amount of time if on

y a few cores are used.

Certain features (e.g. AVX2*vector
iNstructions) introduce further frequency

scaling.

Hyperthreading” allows exploiting memory
access latencies to run multiple threads
vy on the same CPU.

concurrent
iNn boosted

multithreaded perf

* Intel trademark, other CPU vendors offer similar features.

‘his resulting

or

mance.

(evts / s) / thread (SandyBridge one core normalised)

evts / s (SandyBridge one core normalised)
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= Atom (8 cores, 2.4GHz)

e POWERS (10 cores, 3.4 GHz)

+ Xeon Haswell (18 cores, 2.3 — 3.6 GHz)

e Xeon SandyBridge (8 cores, 2 — 2.8 GHz)
+ X-Gene1 (8 cores, 2.4 GHz)

x Xeon Phi (61 cores, 1.3 Ghz)

¥ urbo Boost

e e ¥ | |
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David Abdurachmanov et al 2015 J. Phys.: Conf. Ser. 664 092007
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= Atom (8 cores, 2.4GHz)

e POWERS (10 cores, 3.4 GHz)

+ Xeon Haswell (18 cores, 2.3 — 3.6 GHz)

e Xeon SandyBridge (8 cores, 2 — 2.8 GHz)
+ X-Gene1 (8 cores, 2.4 GHz)

» Xeon Phi (61 cores, 1.3 Ghz)

4

6 8

Threads per core
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Understand your environment

Modern (since the 90s) CPUs are complex beasts:
o Superscalar architectures, vectorisation
o Aggressive frequency scaling
- Simultaneous multithreading (SMT, e.g. Intel Hyper Threading)
- Non-Uniform Memory Access (N\UMA)
 Non-heterogeneous architectures (c.g. ARM big.LITTLE)

Benchmarking requires good modelling of your production environment. Running benchmarks on a single core
might bias results compared to production running on the whole machine.

- Elephant in the room: GPUs
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Benchmar

<INg tools

- What we have seen so far are common moving parts of benchmarking

e Inordertor

there is a nu

- Catch?

el
n

0 UsS With those cor

ber of packages w

- Google Benchmark

mon pitfalls a

h

ich can help L

nd to allow us to write effective benchmarks,

s. Most common are:

. Both libraries are part of a full blown testing suite

- We will use Catch?2 as it's extremely easy to setup and use. For more advanced usage, you
might want to use Google Benchmark.


https://github.com/catchorg/Catch2/
https://github.com/google/benchmark

Catch? example

@
#include "catch_amalgamated.hpp"
#include <cstdint>

uint64_t fibonacci(uint64_t n) {
return number < 2 ? number : fibonacci(n - 1) + fibonacci(n - 2);
}

TEST_CASE("Benchmark Fibonacci", "[!benchmark]") {
REQUIRE(fibonacci(5) == 5);

REQUIRE(fibonacci(20) == 6'765);
BENCHMARK("fibonacci 20") {

return fibonacci(20):

’s

REQUIRE(fibonacci(25) == 75'025);

BENCHMARK("fibonacci 25")
return fibonacci(25):

s

featL

[esS.

Many testing framn
also provide benc

eWwOorKs can
NMAarking

This allows to treat correctness
and performance at the same

level.

USUd

mit t

However, ben

v disab

cr

cO

Nelr impact on

Mmarks are

oy C

efault to

‘he CI.
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Catch? example

@
#include "catch_amalgamated.hpp"
#include <cstdint>

uint64_t fibonacci(uint64_t n) {
return number < 2 ? number : fibonacci(n - 1) + fibonacci(n - 2);
}

TEST_CASE("Benchmark Fibonacci", "[!benchmark]") {
REQUIRE(fibonacci(5) == 5);

REQUIRE(fibonacci(20) == 6'765);
BENCHMARK("fibonacci 20") {

return fibonacci(20):

’s

REQUIRE(fibonacci(25) == 75'025);

BENCHMARK("fibonacci 25")
return fibonacci(25):

s

featL

[esS.

Many testing framn
also provide benc

eWwOorKs can
NMAarking

This allows to treat correctness
and performance at the same

level.

USUQ

mit t

However, ben

v disab

cr

cO

Nelr impact on

Mmarks are

oy C

efault to

‘he CI.
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Catch? example

| Code within the BENCHMARK
#include “catch_amalgamated.hpp” macro is executed multiple times

#include <cstdint>
One single execution is usually

uint64 t fibonacci(uint64 t n) { . .
called run or iteration

return number < 2 ? number : fibonacci(n - 1) + fibonacci(n - 2);
}

TEST_CASE("Benchmark Fibonacci", "[!benchmark]") { Multiple |terat|on§ cdn be,
REQUIRE(fibonacci(5) == 5); grouped together in what is

REQUIRE(fibonacci(20) == 6'765); usually referred to as sample

BENCHMARK("fibonacci 20") {

} return fibonacci(20); Per benchmark execution, the
’ number of iterations in a sample
REQUIRE (fibonacci(25) == 75'025); stays constant

BENCHMARK("fibonacci 25")

return fibonacci(25);
}; The return statement prevents

optimising the result



Catch? example

| | | Results are provided at the end of
Fi1lters: "Benchmark Fibonacci™
Randomness seeded to: 3557866120 tf]EB run.

fibonacci 1s a Catch2 v3.4.0 host application.
Run with -? for options Ol

e can often provide a seed to
enforce reproducibility.

Before the actual benchmarking
samples iterations  estimated nappens, an initial estimation of

mean low mean high mean

std dev low std dev  high std dev the result happens. Such

fibonacci 20 54304 estimation might warm up the

0.683334 ns  0.682429 ns 0.68476
0.00570411 ns 0.00405876 ns 0.00/85/43 CDC]CDFWEBEL

fibonaccli 25 100 54916 0
4.43742 ns 4.42027 ns 4.47205 1—

0.119296 ns 0.0727883 ns  0.226172 ne actual measurement consists

of a given number of samples
collected one after the other. 4

A1l tests passed (3 assertions in 1 test case)




Congratulations!
You have optained the

N 'Fibonacci Master"
uint64_t fibonacci(uint64_t n) {
return number < 2 ? number : fibonacci(n - 1) + fibonacci(n - 2); :E351(j4;j63
)

TEST_CASE("Benchmark Fibonacci", "[!benchmark]") {
REQUIRE(fibonacci(5) == 5);

#include "catch_amalgamated.hpp"

##include <cstdint>

REQUIRE (fibonacci(20) == 6'765):

BENCHMARK("fibonacci 20") {
return fibonacci(20):

}s

REQUIRE(fibonacci(25) == 75'025):

BENCHMARK("fibonacci 25") {
return fibonacci(25):

}s




"
/I This macro reads ACORDE DDL Raw Data and "
/I converts it into Digits
" n

void ACORDERaw2Digits(Int_t nEvents = 1, char* fileName =

alien:///alice/data/2008/LHC08a_ACORDE/000016788/raw/08000016788014.20.ro0t")

{
/I Reads DDL data from fileName

TStopwatch timer;
timer.Start();

TGrid::Connect("alien:/");

AliRawReader* rawReader = 0x0;

I rawF = new AliRawReaderf // DDL files
= new Ali 1/ DDL files
AlACORDI = new AIACORD! )
for (Int_t i=0; i<nEvents; i++) {
printi(" EVENT %d ");
if (trawReader->NextEvent())
break;

rawStream->Reset();
if (trawStream->Next()
break;
printf("Data size is %d\n" rawStream->DataSize());
for (Int_t j=0; j<d4; j++)
printf(" %x",rawStream->GetWord(j));
printf("\n");
}

delete rawReader;
delete rawStream;

timer.Stop();
timer.Print();

"

/I This macro reads ACORDE DDL F(aw Data and "
/I converts it into Digits

" "

void ACORDERaw2Digits(Int_t nEvents = 1, char” fileName = "rawdata.root")
/I Reads DDL data from fileName

TStopwatch timer;
timer.Start();

1/ Creates a TreeD to dump Digits

AliRunLoader" l = AliRunLoader::Open('galice.root");

AlIACORDELoader* loader = (AIACORDELoader") rl->GetLoader("ACORDELoader");

if(!loader) {
AliError("no ACORDE loader found");
return kFALSE; }

TTree" treeD = loader->TreeD();
if(itreeD) {
loader->MakeTree("D");
treeD = loader->TreeD(); }

AlIACORDEdigit digit;
AlIACORDEdigit* pdi &digit;
const Int_t kBufferSize = 4000;

treeD->Branch("ACORDE", "AlIACORDEigit", &pdigit, kBufferSize);

AliRawReader* rawReader = 0x0;

= new Ali ilefil :// DDL files
= new Ali :// DDL files
AlIACORDI = new AlIACORDI ader);
for (Int_t i=0; i<nEvents; i++) {
print(" EVENT %d i);
if (rawReader->NextEvent())
break;

rawStream->Reset();
if (IrawStream->Next())
break;
printf("Data size is %d\n",rawStream->DataSize():
’

for(Int_ti=0; i<64; i++) {
new(pdigit) ATACORDEGigit(i, (Int_t

tADC(), (Int_
treeD->Fill();

!
1/ Checks if everything is OK by printing results

Il for(int i=0;i<64;i++) {
1 printf("Channel %d : %d %d \n'\ DC(i)

tTime(i);

/I treeD->Print(); printf(" \n");
}
loader->WriteDigits("OVERWRITE");
loader->UnloadDigits();

delete rawReader;
delete rawStream;

timer.Stop();
timer.Print();

tTime(i)); }

#ifndef ALIACORDEQADATAMAKER _H

#define ALIACORDEQADATAMAKER_H

I* Copyright(c) 1998-1999, ALICE Experiment at CERN, All ngms reserved. *
* See cxx source for full Copyright notice

/* $ld: AIACORDEQADataMaker.h 25659 2008-05-030 15:13:46Z Idg $ */

/I Produces the data needed to calculate the quality assurance.
/I ACORDE QA for Hits, Digits, RAW and ESD's

/I Authors:

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzi <mrodrigu@mail.cemn.ch> (FCFM-BUAP)
// Arturo Fernandez Tellez <afernan@mail.cern.ch (FCFM-BUAP)

// Created: June 13th 2008

#include "AliQADataMaker.h"
class AIACORDEQADataMaker: public AliQADataMaker {

public:
AlIACORDEQADataMaker() ; 1/ constructor
AlIACORDEQADataMaker(const AIACORDEQADataMaker& gadm) ;
AlIACORDEQADataMaker& operator = (const AIKACORDEQADataMaker& gadm) ;
virtual ~AIACORDEQADataMaker() {;} // destructor

private:

virtual void InitHits() ;  //book hit QA histo

virtual void InitDigits() ; //book Digit QA histo

virtual void InitRaws() ; /book Digit QA histo

virtual void ~InitRecPoints(); //book cluster QA histo

virtual void InitESDs() ;  //book ESD QA histo

virtual void MakeHits(TTree * hits) ;  //Fill hit QA histo

virtual void MakeRaws(AliRawReader* rawReader) ;

virtual void MakeDigits(TTree* digitsTree) ; //Fil Digit QA histo
virtual void MakeRecPoints(TTree * clusters) ; /Fill cluster QA histo
virtual void MakeESDs(AIESDEvent * esd) ;  /Fill hit QA histo

Jerwsensy

virtual Int_t Add2DigitsList(TH1*, Int_t){return 0;);
virtual Int_t Add2HitsList(TH1*, Int_t{return 0};
virtual Int_t Add2RecPointsList(TH1", Int_treturn 0};
virtual Int_t Add2RawsList(TH1*, Int_t){return 03);
virtual Int_t Add2SDigitsList(TH1*, Int_t){return
virtual void - Exec(AiQAV1:TASKINDEX_t, TObject')(:
virtual void  EndOfCycle(AiQAV1:TASKINDEX_t)():
virtual Int_t Ad2ESDSList(TH1*, Int_t){return 0.
virtual TH1*  GetDigitsData(Int_t){return 03);
virtual TH1*  GetESDsData(Int_t)return 03);
virtual TH1*  GetHtsData(Int_tyreturn 03);
virtual TH1* GetRecPointsData(Int_t){return
virtual TH1*  GetRawsData(Int_t){return 0);
virtual TH1*  GetSDigitsData(Int_t{return 0;
virtual TObjArray* Init(AlIQAV1:TASKINDEX_t, Int_t, Int_t)return 03);
virtual void ~Init(AlQAV1:TASKINDEX_t, TObjArray", Int_t, Int_t)()
virtual void - StartOfCycle(AliQAV1::TASKINDEX _t, Bool_t)();
virtual void - EndOfDetectorCycle(AliQAv1: TASKINDEX__t, TObjArray*) {1
virtual void - InitSDigits(}:
virtual void MakeHits(TClonesArray*){};
virtual void  MakeDigits(TClonesArray*};
virtual void  MakeSDigits(TClonesArray*}:
virtual void  MakeSDigits(TTree*)();
virtual void - StartOfDetectorCycle() ;

Pcioen

ClassDef(AIACORDEQADataMaker, 1) // description
g

#endif // AIACORDEQADataMaker_H

/I This macro reads ACORDE DDL Raw Data and "
/I converts it into Digits

1 "

void ACORDERaw2Digits(Int_t nEvents = 1, char* fileName = "rawdata.root")
{
/I Reads DDL data from fileName

TStopwatch timer;
timer.Start();

1l Creates a TreeD to dump Digits
AliRunLoader” rl = AliRunLoader::Open("galice.root");
AlIACORDELoader" loader = (AIACORDELoader*) rl->GetLoader("ACORDELoader");

if(!loader) {
AliError("no ACORDE loader found");
return kFALSE; }

TTree treeD = loader->TreeD();
if(treeD) {
loader->MakeTree("D");
treeD = loader->TreeD(); }

AACORDEGigit digit;
AIIACORDEGigit* pdigit = &digit;
const Int_t kBufferSize = 4000;

treeD->Branch("ACORDE", "AIACORDEigit", &pdigit, kBufferSize);
AliRawReader* rawReader = 0x0;

=new i ; // DDL files
= new Al ; // DDL files

AlIACORDERawStream* rawStream = new AIACORDERawStream(rawReader);

for (Int_t i=0; i<nEvents; i++) {

printf(" EVENT %d ")
if (trawReader->NextEvent())
break;

rawStream->Reset();
if (trawStream->Next())
break;
printf(*Data size is %d\n" rawStream->DataSize());
»

for(Int_t i=0; i<64; i++) {
new(pdigit) AFACORDEGigit(i, (Int_t DC(), (Int_t (Time(i);
treeD->Fill);
¥
]
1/ Checks if everything is OK by printing results

printf("Channel %d : %d %d \n'\i DC(i)
Il treeD->Print(); printf(" \n");
}

tTime(i)); }

loader->WriteDigits("OVERWRITE");
loader->UnloadDigits();

delete rawReader;
delete rawStream;

timer.Stop();
timer.Print();

* Copyright(c) 1998-1999, ALICE Experiment at CERN, All rights reserved. *

* Author: The ALICE Off-line Project. .
* Contributors are mentioned in the code where appropriate. .

Perm\sslcn lo use, copy, modify and dls(rlbute this software and its *
strictly for purposes is hereby granted *
* without fee, provided that the above copyright notice appears in all *
* copies and that both the copyright notice and this permission notice *
* appear in the supporting documentation. The authors make no claims ~ *
* about the suitability of this software for any purpose. It is .
* provided "as is" without express or implied warranty. .

===

/I Produces the data needed to calculate the quality assurance.
/I ACORDE QA for Hits, Digits, RAW and ESD's

n

/I Authors:

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzi <mrodrigu@mail.cern.ch> (FCFM-BUAP)

/I Arturo Fernandez Tellez <afernan@mail.cern.ch (FCFM-BUAP)

1

"
/I Created: June 13th 2008
I-

/1 -~ ROOT system -
#include <TClonesArray.h>
#include <TFile.h>
#include <TH1F-h>
#include <TH2F-h>
#include <TDirectory.h>
#include <TObject.h>

J/ -~ Standard library ---

/I --- AliRoot header files

#include "AIESDEvent.h"

#include "AliLog.h"
'AlIACORDEdigit.h"
'AlIACORDEHit.h"
'AlIACORDERecPoint.h"
'AIACORDEQADataMaker.h"
'AliQAChecker.h"
'AIACORDERawReader.h"
#include "AlIACORDERawStream.h"

Classimp(AlIACORDEQADataMaker)
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AlIACORDEQADataMaker::AIACORDEQAD. ):AlIQAD:
:kACORDE), "ACORDE Quality Assurance Data Maker")

{

}

liIQAV1::GetDs iQAV1:

/I Acorde QA Data Maker

AlIACORDEQADataMaker::AIACORDEQAD AlIACORDEQAD:

qadm)-AliQAD:

{
SetName((const char*)qadm.GetName() ;
SetTitle((const char*)qadm.GetTitle());

} ——

AlIACORDEQADataMaker& AlIACORDEQADataMak nst A/ACORDEQANataMaker& gadm )
{

// Equal operator.
this->~AlACORDEQADataMaker();
new(this) AJACORDEQADataMaker(qadm);
return *this;

#ifndef ALIACORDEQADATAMAKER _H

#define ALIACORDEQADATAMAKER_H

I* Copyright(c) 1998-1999, ALICE Experiment at CERN, All ngms reserved. *
* See cxx source for full Copyright notice

/* $ld: AIACORDEQADataMaker.h 25659 2008-05-030 15:13:46Z Idg $ */

Il Produces the data needed to calculate the quality assurance.

1/ ACORDE QA for Hits, Digits, RAW and ESD's

Il Authors:

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
I/ Mario Rodriguez Cahuantzi <mrodrigu@mail.cern.ch> (FCFM-BUAP)

I/ Arturo Fernandez Tellez <afernan@mail.cern.ch (FCFM-BUAP)

"
/I Created: June 13th 2008

#include "AliQADataMaker.h"
class AIACORDEQADataMaker: public AliQADataMaker {

public:
AlACORDEQADataMaker() ; ~ // constructor
AlACORDEQAD. AlACORDEQAD qadm) ;
AlIACORDEQADataMaker& operator = (const AIACORDEQADataMaker& gadm) ;
virtual ~AACORDEQADataMaker() {;} // destructor

private:
virtual void InitHits() ;  //book hit QA histo
virtual void - InitDigits() ;  //book Digit QA histo
virtual void  InitRaws() ;  //book Digit QA histo
virtual void  InitRecPoints(); //book cluster QA histo
virtual void  InitESDs() ;  //book ESD QA histo
virtual void MakeHits(TTree * hits) ; JIFill hit QA histo
virtual void  MakeRaws(AliRawReader* rawReader) ;
virtual void  MakeDigits(TTree* digitsTree) ; /Fill Digit QA histo
virtual void MakeRecPoints(TTree * clusters) ; //Fill cluster QA histo
virtual void MakeESDs(AlIESDEvent * esd) ; JIFill hit QA histo

Jeraninsy

virtual Int_t Add2DigitsList(TH1*, Int_t)return 03);
virtual Int_t Add2HitsList(TH1*, Int_t){return 0;};
virtual Int_t Add2RecPointsList(TH1*, Int_t)return 03);
virtual Int_t Add2RawsList(TH1*, Int_t){return 0:};
virtual Int_t Add2SDigitsList(TH1*, Int_t){return 03);
virtual void - Exec(AliQAv1:TASKINDEX_t, TObject*){};
virtual void - EndOfCycle(AlQAV1: TASKINDEX_t)(};
virtual Int_t Add2ESDsList(TH1*, Int_t){return 0;};
virtual TH1* GetDigitsData(Int_tKreturn
virtual TH1* GetESDsData(Int_t)return 0;};
virtual TH1*  GetHitsData(Int_t)return 0:};
virtual TH1* GetRecPointsData(Int_t){return 0;};
virtual TH1*  GetRawsData(Int_t)return 0);
virtual TH1* Ge(SD\g\tsDala(ln( (){returno),

bjArray*, Int_t,
DEX_t, Bool_t){
TASKINDEX_t, TObjArray*) {}

void InitSDigits()():
virtlhil void MakeHits(TClonesArray*){};
3 bl void MakeDigits(TClonesArray*)
I void MakeSDlglts(TClanesArray

¥
[
void AlACORDEQADataMaker::StartOfDetectorCycle,
{
I/Detector specific actions at start of cycle
}

I
void AIACORDEQADataMaker::InitHits()
{

/I create Hits histograms in Hits subdir
TH1F *fAHitsACORDE(8];

THEF X) B #00,-4805.,4825.);

TH2F *hACORDExz = new TH2F("hACORDExz" ,”DIS( xz ",900,-1500.,2850., 1200 1000.,4000.);

TH2F *hACORDEYz = new TH2F("hACORDEYz" 'Distyz ",5,817.,819.,1200,-600.,,600.);

TH2F *hACORDEAzIimPol = new TH2F("hACORDEAzimPol" ,"Azimuth vs Polar ",360,-180.,180.,180,0.,180.);

for(Int_t i=0; i<8; i++)
Add2HitsList(fAHitsACORDE,i);

Add2HitsList(hACORDEXy.8);

Add2HitsList(hACORDExz,9);

Add2HitsList(hACORDEYyz,10);

Add2HitsList(hACORDEAzimPol, 11);
i

ClonePerTrigClass(AliQAv1::kHITS); // this should be the last line

void AlIACORDEQADataMaker:InitDigits()
/l create Digits histograms in Digits subdir

THIF *  fhDigitsModule;

TString  modulename;
modulename = "hDigitsModule";
fhDi =new TH1F
Add2DigitsList( fhDigitsModule,0);
"

Data(),"hDigil i ,60,0,60);

ClonePerTrigClass(AliQAv1::kDIGITS); // this should be the last line

cdb->SetRun(0);
AliCDBStorage* storage;
o ile till ACORD) hed on by
u( TsEoSystem->uenv( TOGHE") == TSIIMKKTRY)
TStfllf Storage = gSy "STORAGE"
8.8 IStorage. BeginBNith (g
5
Data()),
{

#endif // AiACORDEQADataMaker_H

611”6

Void MakeACORDEFullMisAlignment(){
J/ Create TClonesArray of full misalignment objects for ACORDE
I

const char* = "MakeACORDI L.C";

1/ Activate CDB storage and load geometry from CDB

AliCD! cdb = AliCDI

if(lcdb->IsDe )) cdb->SetD local://$ALICE_ROOT/OCDB");

aRiard config-files

! Storage.Data());

I
Error(macroname‘"Unab\e to open storage %s\n",Storage.Datal
return;

}

AliCDBPath path('GRP","Geometry",'Data’);

AlICDBERry *entry = storage->Get(path.GetPath(),cdb->GetRun();
if(lentry) Fatal(macroname,"Could not get the specified CDB entry!");
entry->SetOwner(0);

T ger* geom = (T *) ent tObject();
AliGeomManager::SetGeometry(geom);
— Jelse(
2’0“’ AlIACORDEQADataMaker::InitRaws() AliGeomManager::LoadGeometry(); /load geom from default CDB storage
J/ create Raw histograms in Raw subdir )
TH1F *hACORDERBItPattern[4]; " eometry.root
hACORDEBitPattern[0] = new TH1F("ACORDERawDataSM","ACORDE-Si 60,1,60); BitPattern N oot
ew TH1F("ACORDERawDataMM","ACORDE: 160,1,60); iMuon BitPattern B Al ' 50
ew TH1F("ACORDERawDataSMM","ACORDE-Si iplicity",60,1,60): Mumchl?{"esA"ay ;a'ﬁby:'.':::a.rc'mesmay( AliAlignObjParams',60):
fhACORDEBitPattern[3] = new TH1F("ACORDERawDataMMM","ACORDE-Multi iplicity”,60,1,60): Muttiplicity ) =aray;
for(Int_t i=0ji<4;i++) { d = .
Add2RawsList(fhACORDEBitPattern[il,i); ‘Tn':‘a‘"ld:g_ md = new TRandom(4321);

i
ClonePerTrigClass(AliQAv1:kRAWS); // this should be the last line

1A

nitRecPoints()

void AIACORDEQADataMak
{

/I create cluster histograms in RecPoint subdir
/I Not needed for ACORDE by now !!
"

ClonePerTrigClass(AliQAv1:kRECPOINTS); // this should be the last line

A
void AIACORDEQADataMaker::InitESDs()
Ilcreate ESDs histograms in ESDs subdir

TH1F*  fhESDsSingle;
TH1F*  fhESDsMulti;

TString name;
name = "hESDsSing!

fhESDsSingle = new TH1F(name.Data(),"nESDsSingle",60,0,60);
Add2ESDsList( fhESDsSingle,0);

name = "hESDsMulti";
fhESDsMulti = new TH1F(name.Data(),"hESDsMulti",60,0,60);
Add2ESDsList( fhESDsMulti, 1);

"
ClonePerTrigClass(AliQAv1:kESDS); // this should be the last line

Y
1

void AIACORDEQADataMaker::MakeHits(TTree *hitTree)
{

1/ Here we fill the QA histos for Hits declared above
IncEvCountCycleHits();
IncEvCountTotalHits();

printf("Estamos en make Hits");
TCl * hits = new TCl y("AlIACORDEHit",1000);

TBranch * brar\ch hitTree->GetBranch("ACORDE");

if (tbranch)

AliWarning("ACORDE branch in Hit Tree not found");
Ise

if (branch)

branch->SetAddress(&hits);
Jelse

AliError("Branch ACORDE hit not found");
exit(111);

Double_t dx, dy, dz, dpsi, dtheta, dphi;

/I RS = local

// sigma translation = 1 mm
1/ sigma rotation = 0.5 degrees
Double_t sigmatr = 2;

Double_t sigmarot = 1;

TString symname;
TString basename = "ACORDE/Array";
Int_t ilndex=0;

‘ELayerlD iLayer = ayer;
UShort_t volid = AliGeomManager::LayerToVolUID((Layer,index);

for (Int_t imod=0; imod<60; imod++){
dx = md->Gaus(0.,sigmatr);
dy = md->Gaus(0.,sigmatr);
dz = md->Gaus(0.,sigmatr);
dpsi = md->Gaus(0.,sigmarot);
diheta = md->Gaus(0. sigmarot);
dphi = md->Gaus(0.,sigmarot);
symname = basename;
symname += imod;

1) AliAlignObj

volid, dx, dy, dz,dpsi, dtheta, dphi, kFALSE);
}

if( TString(gSystem->Getenv("TOCDB")) I= TString("kTRUE") ){
// save on file
const char" filename = "ACORDEfullMisalignment.root';
TFile f(filename,"RECREATE");
(1Y
Error(macroname,"cannot open file for outputwn®);
return;

Info(macroname,"Saving alignment objects to the file %s", filename);
f.cd();
f.WriteObject(array,"ACORDEAIignObjs", 'kSingleKey");
f.Close();

Jelse{
1/ save in CDB storage
AliCDBMetaData* md = new AlCDBMetaData();
md->SetResponsible('E. Cuautie & M. Rodriguez");
md->SetComment("Full misalignment for ACOHDE“)

ON");
AICDBId id("ACORDE/Align/Data" 0, AICDBRunRange: Infinity():
storage->Put(array,id,md);

array->Delete();

void MakeACORDEFullMisAlignment(){
// Create TClonesArray of full misalignment objects for ACORDE
"

const char* = "MakeACORD isAli c
I/ Activate CDB storage and load geometry from CDB

AliCDI cdb = AliCDI );
f(lcdb->IsD ) cdb->SetD

cdb->SetRun(0);

AliCDBStorage* storage;

/Noad geom from local file till ACORDE is not switched on by default in standard config-files

if( TString(gSystem->Getenv("TOCDB')) == TString("kTRUE") ){
TString Storage = gSystem->Getenv('STORAGE);
if(!Storage. ith("local://") && Storage jinsWith(“alien:

Error(macroname,"STORAGE variable set to %s is not valid. Exiting\n",Storage.Data());

return;

}

storage = cdb->GetStorage(Storage.Data());

if(Istorage){
Error(macroname,"Unable to open storage %s\n",Storage.Data());
return;

}

AlICDBPath path('GRP",'Geometry","Data");

AIICDBENtry entry = storage->Get(path.GetPath(),cdb->GetRun());
if(lentry) Fatal(macroname,"Could not get the specified CDB entry!");
entry->SetOwner(0);

TGeoManager* geom = (TGeoManager") entry->GetObject()
AliGeomManager::SetGeometry(geom);

Jelse{

AliGeomManager::LoadGeometry(); /load geom from default CDB storage
¥
1 Ali y("geometry.root");

TClonesArray *array = new TClonesArray("AliAlignObjParams",60);
TClonesArray &alobj = *array;

TRandom *rnd = new TRandom(4321);
Int_tj=0;
Double_t dx, dy, dz, dpsi, dtheta, dphi;

/RS = local
I/ sigma translation = 1 mm

I/ sigma rotation = 0.5 degrees
Double_t sigmatr
Double_t sigmarot

TString symname;
TString basename = "ACORDE/Array";
Int_tilndex=0;

AliGeomManager::ELayerID iLayer
UShort_t volid = AliGeomManag

liGeomManager:kinvalidLayer;
ayerToVolUID(iLayer, Index);

for (Int_t imod=0; imod<60; imod-++}
dx = md->Gaus(0.,sigmatr);
dy = md->Gaus(0.,sigmatr);
dz = rnd->Gaus(0.,sigmatr);
dpsi = rmd->Gaus(0.,sigmarot);
dtheta = md->Gaus(0.,sigmarot);
dphi = md->Gaus(0.,sigmarot);
symname = basename;

symname += imod;
’ I.

Im->Getenv("TOC

ame = "ACORDI
LRECREATE");

ile for outp Mg

f.WriteObject(array,"ACORDEAlignObjs","kSingleKey");
f.Close();
Ise{

/I save in CDB storage -—
AlCDBMetaData* md = new AliCDBMetaData();
md->SetResponsible("E. Cuautle & M. Rodriguez');
md->SetComment(‘Full misalignment for ACORDE");

angff->Delete();

void MakeACORDEFullMisAlignment()(
/ Create TClonesArray of full misalignment objects for ACORDE
"
const char* macrogffme = "MakeACORDEFullMisAlignment.C';
I/ Activate CDB sfffrage and load geometry from CDB

b = AliCDBManager::Instance();

torageSet()) cdb->SetDefault;

rage;

cal file till ACORDE|

'ORAGE variable sef
return;

B

storage = cdb->GetStorage(Storage.Data());

if(1storage){(
Error(macroname,"Unable to open storage %s\n",Storage.Data();
return;

}

AlCDBPath path('GRP","Geometry","Data’);
AiCDBEntry “entry = storage->Get(path.GetPath(),cdb->GetRun());
if(tentry) Fatal(macroname,"Could not get the specified CDB entry!");
entry->SetOwner(0);

T geom = (T ) entry->GelObject();
AneeomManagev :SetGeometry(geom);

Ise
AliGeomManager::LoadGeometry(); /load geom from default CDB storage

¥

Il Al y("geometry.oot");

TClonesArray *array
TClonesArray &alo

ew TClonesArray("AliAlignObjParams" 60);
array;

TRandom *rnd = new TRandom(4321);
Int_tj=0;
Double_t dx, dy, dz, dpsi, dtheta, dphi;

// RS = local
I/ sigma translation = 1 mm

I/ sigma rotation = 0.5 degrees
Double_t sigmatr = 2;
Double_t sigmarof

TString symname;
TString basename = "ACORDE/Array";
Int_tilndex=0;

AliGeomManager:ELayerlD iLayer
UShort_t volid = AliGeomManager:

liGeomManager:kInvalidLayer:
ayerToVolUID(iLayer, Index);

for (Int_t imod=0; imod<60; imod-++){
dx = md->Gaus(0.,sigmatr);
dy = mnd->Gaus(0.,sigmatr);
dz = md->Gaus(0..sigmatr);
dpsi = rd->Gaus(0.,sigmarot);
dtheta = md->Gaus(0.,sigmarot);
dphi = md->Gaus(0..sigmarot);
symname = basename;
symname += mod:

)) AliAlignObj

}

if( TString(gSystem->Getenv("TOCDB")) = TString("kTRUE") ){
I/ save on file
const char* filename = "ACORDEfullMisalignment.root’;
TFile f(filename,"RECREATE");
if(1f
Error(macroname, "cannot open file for outputin®);
return;

Info(macroname, "Saving alignment objects to the file %s", filename);
f.cd();
f.WriteObject(array,"ACORDEAlignObjs""kSingleKey");
f.Close();
Jelse{
/I save in CDB storage
AlCDBMetaData* md = new AliCDBMetaData();
md->SetResponsible("E. Cuautle & M. Rodriguez");
md->SetComment("Full misalignment for ACORDE");

AICDBId id("ACORDE/Align/Data" 0, AiCDBRunRange: Ifinity();
storage->Put(array,id,md);

array->Delete();

F virt id El ectorCycls
virtual lid MSDigioNg:
virtual i MakeHits(T! 0
irtual MakeDigits( W
irtual llid MakeSDigits@ClonesAflay*)(};
virtual illid MakeSDigits@Tree*)(};
virtual ilid StartOfDeteciirCycle()
perins)
ClassD)| (A\lACORDEC U

—

e("local:/$ALICE_RQQT/OCDB");

not switched on by deflitin standard config-

volid, dx, dy, dz,dpsi, dtheta, dphi, kFALSE);

#ifndef ALIACORDEQADATAMAKER_H
#define ALIACORDEQADATAMAKER_H
I* Copyright(c) 1998-1999, ALICE Experiment at CERN, All ngms reserved. *
* See cxx source for full Copyright notice

/* $1d: AIACORDEQADataMaker.h 25659 2008-05-030 15:13:46Z Idg $ */

local://$ALICE_ROOT/OCDB");

/I Produces the data needed to calculate the quality assurance.
/I ACORDE QA for Hits, Digits, RAW and ESD's

/I Authors:
"

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzi <mrodrigu@mail.cern.ch> (FCFM-BUAP)

/I Arturo Fernandez Tellez <afernan@mail.cern.ch (FCFM-BUAP)

1

4
/I Created: June 13th 2008

#include "AliQADataMaker.h"
class AIACORDEQADataMaker: public AliQADataMaker {

public:
AlACORDEQADataMaker() ; ~ // constructor
AlACORDEQAD AlIACORDEQAD: qadm) ;
AlACORDEQADataMaker& operator = (const AIACORDEQADataMaker& gadm) ;
virtual ~AACORDEQADataMaker() {;} // destructor

private:
virtual void InitHits() ;  //book hit QA histo
virtual void  InitDigits() ;  //book Digit QA histo
virtual void  InitRaws() ;  //book Digit QA histo
virtual void  InitRecPoints(); //book cluster QA histo
virtual void  InitESDs() ;  //book ESD QA histo
virtual void MakeHits(TTree * hits) ; JIFill hit QA histo
virtual void MakeRaws(AliRawReader* rawReader) ;
virtual void MakeDigits(TTree" digitsTree) ; //Fill Digit QA histo
virtual void MakeRecPoints(TTree * clusters) ; //Fill cluster QA histo
virtual void MakeESDs(AIESDEvent * esd) ; JIFill hit QA histo

Jrrsnensy

virtual Int_t Add2DigitsList(TH1*, Int_t)return
virtual Int_t Add2HitsList(TH1*, Int_t){return O;]
virtual Int_t Add2RecPointsList(TH1*, Int_t}{return 0;};
virtual Int_t Add2RawsList(TH1*, Int_t){return 0;};
virtual Int_t Add2SDigitsList(TH1*, Int_tK{return 0;};
virtual void Exec(AlIQAV1=TASKINDEX_t, TObject)();
virtual void EndOfCycle(AliQAv1::TASKINDEX_t){);
virtual Int_t Add2ESDsList(TH1*, Int_t){return 0};
virtual TH1*  GetDigitsData(Int_ty{return 0;
virtual TH1*  GetESDsData(Int_t){return 0:};
virtual TH1*  GetHitsData(Int_t){return 0:};
virtual TH1* GetRecPointsData(Int_t){return 03);
virtual TH1*  GetRawsData(Int_t){return 0};
virtual TH1* GetSDigitsData(Int_t){return 0);
virtual TObjArray* Init(AliQAv1:: TASKINDEX _t, Int_t, Int_t){return 0;};

[ ] virtual void  Init(AliQAV1::TASKIND TObjArray*, Int_t, Int_t){};
virtual void - StartOfCycle(AliQAv1:JRSKINDEX_t, Bool_t){};

SKINDEX_t, TObjArray**)

Iy

#endif // AIACORDEQADataMaker_H

/I Authors:
"

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzi <mrodrigu@mail.cern.ch> (FCFM-BUAP)
/I Arturo Tellez il.cern.ch (FCFM-BUAP)

I
/I Created: June 13th 2008
I

999, ALICE Exp; ent at CERN, All rights reserved. * #include "AliQADataMaker.h"

class AlIACORDEQADataMaker: public AliQADataMaker {

ataMaker.h 25659 2008-05-030 15:13:46Z 1dg $ */

public:
AlACORDEQADataMaker() ;  // constructor
AlACORDEQAD AlACORDEQAD: qadm) ;
AlACORDEQADataMaker& operator = (const AIACORDEQADataMakerd qadm) ;
virtual ~AlIACORDEQADataMaker() {;} // destructor

lculate the quality assurance.
/I ACORDE QA for Hits, Digits, RAW and ESD's

/I Authors: private:

Il virtual void InitHits() ;  //book hit QA histo

virtual void  InitDigits() ; //book Digit QA histo

virtual void  InitRaws() ;  //book Digit QA histo

virtual void - InitRecPoints(); //book cluster QA histo

virtual void InitESDs() ;  //book ESD QA histo

// Created: June 13th 2008 virtual void MakeHits(TTree * hits) ;  //Fill hit QA histo

I virtual void MakeRaws(AliRawReader* rawReader) ;
virtual void MakeDigits(TTree” digitsTree) ; /Fill Digit QA histo
virtual void MakeRecPoints(TTree * clusters) ; //Fill cluster QA histo
virtual void MakeESDs(AlIESDEvent * esd) ; JIFill hit QA histo

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzl <mrodrigu@mail.cem.ch> (FCFM-BUAP)
// Arturo cern.ch (FCFM-BUAP)

#include "AliQADataMaker.h" ey
class AlIACORDEQADataMaker: public AliQADataMaker { virtual Int_t Add2DigitsList(TH1", Int_t){return 0;};
virtual Int_t Add2HitsList(TH1*, Int_t{retum 0:};
public: virtual Int_t Add2RecPointsList(TH1*, Int_t){return 0;};
AIACORDEQADataMaker() ; /I constructor virtual Int_t Add2RawsList(TH1", Int_t){return 0;};
AlIACORDEQAD: AlIACORDEQAD: im) ; virtual Int_t Add2SDigitsList(TH1*, Int_tKreturn 0;};
AIACORDEQADataMaker& operator = (const AllACORDEQADataMaker& qadm) ; virtual void - Exec(AliQAv1 ::TASKINDEX_t, TObject")(};
virtual ~AACORDEQADataMaker() {} / destructor virtual void - EndOfCycle(AIQAV1::TASKINDEX_t));
virtual Int_t Add2ESDsList(TH1*, Int_t}{return 0:};
private: virtual TH1*  GetDigitsData(Int_t){return 0};
virtual void  InitHits() ;  //book hit QA histo virtual TH1*  GetESDsData(Int_ty{return 0:};
virtual void InitDigits() ; //book Digit QA histo virtual TH1*  GetHitsData(Int_t){return 0;};
virtual void InitRaws() ; //book Digit QA histo virtual TH1*  GetRecPointsData(Int_t{retur 0;};
virtual void InitRecPoints(); //book cluster QA histo virtual TH1"  GetRawsData(Int_treturn 0:};
virtual void INtESDs() ;  //book ESD QA histo virtual TH1" GetSDigitsData(Int_tXretur 0::;
virtual void MakeHits(TTree * hits) ;  //Fill hit QA histo virtual TObjArray” Init(AliQAv1:TASKINDEX t, Int_t, Int_t){return O;
virtual void MakeRaws(AliRawReader* rawReader) ; virtual void  Init(AliQAV1::TASKINDEX_t, TObjArray", Int_t, Int_t)();
virtual void MakeDigits(TTree* digitsTree) ; //Fill Digit QA histo virtual void - StartOfCycle(AliQAv1:TASKINDEX _t, Bool _t)};
virtual void MakeRecPoints(TTree * clusters) ; //Fill cluster QA histo virtual void - EndOfDetectorCycle(AliQAv1::TASKINDEX_t, TObjArray**) {}
virtual void MakeESDs(AESDEvent * esd) ;  //Fill hit QA histo virtual void - InitSDigits()(};
virtual void MakeHits(TClonesArray*){};
Jreseeesy virtual void MakeDigits(TClonesArray*){};
virtual void MakeSDigits(TClonesArray*){};
virtual Int_t Add2DigitsList(TH1*, Int_t){return virtual void MakeSDigits(TTreeX};
virtual Int_t Add2HitsList(TH1*, Int_t){return 0;}; virtual void - StartOfDetectorCycle() ;
virtual Int_t Add2RecPointsList(TH1*, Int_t){return 0:}; ey
virtual Int_t Add2RawsList(TH1*, Int_t){return 0;) ClassDef(AIACORDEQADataMaker,1) // description
virtual Int_t Add28DigitsList(TH1*, Int_t){return 0;);
virtual void  Exec(AliQAv1 :TASKINDEX_t, TObject*)(); ¥
virtual void - EndOfCycle(AliQAV1 :TASKINDEX_t)
virtual Int_t Add2ESDsList(TH1*, Int_t){return 03);
virtual TH1*  GetDigitsData(Int_t){return 0};
virtual TH1* GetESDsData(Int_t){return 03};
virtual TH1* GetHitsData(Int_t){retum 0;};
virtual TH1*  GetRecPointsData(Int_t){return 0};
virtual TH1*  GetRawsData(Int_t{retum 0:};
virtual TH1* GetSDigitsData(Int_t{return 0:};
virtual TObjArray* Init(AliQAv1:TASKINDEX _t, Int_t, Int_t){return 0;);
virtual void  Init(AliQAV1:TASKINDEX_t, TObjArray*, Int_t, Int_t){;
virtual void ~ StartOfCycle(AliQAv1:TASKINDEX_t, Bool_t){};
virtual void - EndOfDetectorCycle(AliQAv1:TASKINDEX_t, TObjArray™) {}
virtual void - InitSDigits()();
virtual void MakeHits(TClonesArray*){};
virtual void MakeDigits(TClonesArray*){};
virtual void MakeSDigits(TClonesArray*)();
virtual void MakeSDigits(TTree*)}();
virtual void - StartOfDetectorCycle() ;

ey

ClassDef(AIACORDEQADataMaker,1) // description

#endif // AIACORDEQADataMaker_H

b

#endif // AIACORDEQADataMaker_H

)

#ifndef ALIACORDEQADATAMAKER_H

#define ALIACORDEQADATAMAKER_H

I* Copyright(c) 1998-1999, ALICE Experiment at CERN, All ngms reserved. *
* See cxx source for full Copyright notice

/* $ld: AIACORDEQADataMaker.h 25659 2008-05-030 15:13:46Z Idg $ */

/I Produces the data needed to calculate the quality assurance.
/I ACORDE QA for Hits, Digits, RAW and ESD's

/I Authors:
"

/I Luciano Diaz Gonzalez <luciano.diaz@nucleares.unam.mx> (ICN-UNAM)
/I Mario Rodriguez Cahuantzi <mrodrigu@mail.cern.ch> (FCFM-BUAP)
/I Arturo Fernandez Tellez <afernan@mail.cern.ch (FCFM-BUAP)

"
/I Created: June 13th 2008

#include "AliQADataMaker.h"
class AIACORDEQADataMaker: public AliQADataMaker {

public:
AACORDEQADataMaker();  // constructor
AlACORDEQADataMaker(const AIACORDEQADataMaker& qadm) ;
AlIACORDEQADataMaker& operator = (const AIACORDEQADataMaker& gadm) ;
virtual ~AlIACORDEQADataMaker() {;} // destructor

private:
virtual void  InitHits() ;  //book hit QA histo
virtual void InitDigits() ; //book Digit QA histo
virtual void InitRaws() ; //book Digit QA histo
virtual void  InitRecPoints(); //book cluster QA histo
virtual void InitESDs() ;  //book ESD QA histo
virtual void MakeHits(TTree * hits) ; JIFill hit QA histo
virtual void MakeRaws(AliRawReader* rawReader) ;
virtual void MakeDigits(TTree" digitsTree) ; //Fill Digit QA histo
virtual void MakeRecPoints(TTree * clusters) ; //Fill cluster QA histo
virtual void MakeESDs(AIIESDEvent * esd) ; JIFill hit QA histo

resnansy

virtual Int_t Add2DigitsList(TH1*, Int_t{return 0:};
virtual Int_t Add2HitsList(TH1*, Int_t){return 0;};
virtual Int_t Add2RecPointsList(TH1*, Int_t){return 0;};
virtual Int_t Add2RawsList(TH1*, Int_t){return 0:};
virtual Int_t Add2SDigitsList(TH1", Int_t){return 0};
virtual void Exec(AliQAv1:TASKINDEX_t, TObject*)(};
virtual void  EndOfCycle(AlIQAV1:: TASKINDEX_t){};
virtual Int_t Add2ESDsList(TH1*, Int_t}{return 0};
virtual TH1*  GetDigitsData(Int_treturn 0;};

virtual TH1* GetESDsData(Int_tyreturn
virtual TH1* GetHitsData(Int_tyreturn 03,
virtual TH1*  GetRecPointsData(Int_t}return 0;};
virtual TH1*  GetRawsData(Int_tyreturn 0:);
virtual TH1*  GetSDigitsData(Int_t}{return 0};
virtual TObjArray* Init(AliQAv1:TASKINDEX _t, Int_t, Int_t){return 0;};
virtual void - Init(AliQAv1: TASKINDEX_t, TObjArray*, Int_t, Int_t){;
virtual void - StartOfCycle(AliQAv1:TASKINDEX_t, Bool_t)};
virtual void EndOfDetectorCycle(AliQAv1: TASKINDEX_t, TObjArray*) {}
virtual void  InitSDigits()(};

virtual void MakeHits(TClonesArray*){;

virtual void MakeDigits(TClonesArray*){};

virtual void MakeSDigits(TClonesArray*){};

virtual void MakeSDigits(TTree*)};

virtual void  StartOfDetectorCycle() ;

ClassDef(AIACORDEQADataMaker,1) // description
g

#endif // AIACORDEQADataMaker_H

void MakeACORDEFullMisAlignment()
/I Create TClonesArray of full misalignment objects for ACORDE
"

const char* ="MakeACORDI Cc";

/I Activate CDB storage and Ioad geometry from CDB

AliCDI cdb = AliC!

ii(lcdb->IsD ); cdb->SetD local//$ALICE_ROOT/OCDB");

cdb->SetRun(0);
AliCDBStorage" storage:;

Jlload geom from local file tiil ACORDE is not switched on by default in standard config-files
if( TSiring(gSystem->Getenv("TOCDB")) == TString("kTRUE")
TSting Storage = gSystem->Getenv('STORAGE');
if(IStorage. local:/I") & !Storage. i N{
Error(macroname,"STORAGE variable set to %s is not valid. Exlllng\n" Storage.Data();
return;

)

storage = cdb->GetStorage(Storage.Data());

if(lstorage){
Error(macroname,"Unable to open storage %s\n",Storage.Data());
retumn;

b

AlCDBPath path("GRP","Geometry","Data");
AlICDBERtry *entry = storage->Get(path.GetPath(),cdb->GetRun());
ii(lentry) Fatal(macroname,"Could not get the specified CDB entry!");
entry->SetOwner(0);
T eom = (T( i tObject();
AliGeomManager:: SetGeomelry(geom)

Jelse{
AliGeomManager::LoadGeometry(); //load geom from default CDB storage

¥
1 y("geometry.root');

Cl y “array = new TCI y("AliAlignObjParams",60);
TClonesArray &alobj = *array;

TRandom *rd = new TRandom(4321);
Int_tj=0;
Double_t dx, dy, dz, dpsi, dtheta, dphi;

//' RS = local

/I sigma translation = 1 mm

JI sigma rotation = 0.5 degrees
Double_t sigmatr = 2;
Double. Imgmarot-l

TString symname;
TString basename = "ACORDE/Array";
Int_t ilndex=

ayerlD iLayer = ayer;
Ushort_t volid = AliGeomManager::LayerToVolUID iLayer, Index);

for (Int_t imod=0; imod<60; imod-++){
dx = md->Gaus(0.,sigmatr);

dy = md->Gaus(0.,sigmatr);

dz = md->Gaus(0.,sigmatr);

dpsi = md->Gaus(0.,sigmarot);
dtheta = md->Gaus(0.,sigmarot);
dphi = rnd->Gaus(0.,sigmarot);
symname = basename;

symname += imod;

) AliAlignObij

volid, dx, dy, dz.dpsi, dtheta, dphi, kFALSE);
}

if( TString(gSystem->Getenv("TOCDB") I= TString("kTRUE") ){
J/ save on file
const char* filename = "ACORDE(ullMisalignment.root";
TFile f(filename,"RECREATE");
(10
Error(macroname,"cannot open file for outputn’);
return;

Info(macroname,"Saving alignment objects to the file %s", filename);

.cd();
fWriteObject(array,"ACORDEAIignObjs","kSingleKey");

Close();

Jelse(
I/ save in CDB storage
AliCDBMetaData* md = new AliCDBMetaData();
md->SetResponsible('E. Cuautle & M. Rodriguez");
md->SetComment(‘Full misalignment for ACORDE");
"$AR ON");

AlCDBId id("ACORDE/Align/Data",0,AliCDBRunRange::Infinity();
storage->Put(array,id,md);

array->Delete();

void MakeACORDEFullMisAlignment()(
I/ Create TClonesArray of full misalignment objects for ACORDE
"
const char* macroname = "MakeACORDEFullMisAlignment.C";
I/ Activate CDB storage and load geometry from CDB
AliCDI * cdb = AliCD! zInstance();
if(tcdb->IsD: )) cdb->SetD:
cdb->SetRun(0);

local:/$ALICE_ROOT/OCDB");

AliCDBStorage* storage;

/Nload geom from local file till ACORDE is not switched on by default in standard config-files.
if( TString(gSystem->Getenv("TOCDB")) == TString("kTRUE")
TString S(orage gSystem >Getenv("STORAGE");

if(IStorage. local://") && IStorage. ‘alien:/I")) {
Error(macroname,"STORAGE variable set to %s is not valid. Exiting\n",Storage. Data());
return;

}

storage = cdb->GetStorage(Storage.Data());

if(!storage){
Error(macroname,"Unable to open storage %s\n",Storage.Data());
retum;

}

AlCDBPath path("GRP","Geometry","Data");
AliCDBEntry *entry = stc t(path.GetPath(),cdl 0);
if(lentry) Fatal(macroname,"Could not get the specmed CDB entryl");
entry->SetOwner(0);
T geom = ( y Object();
AliGeomManager: Se(Geomelry(geom)

Jelse(
AliGeomManager::LoadGeometry(); //load geom from default CDB storage

)

Il Al y("geometry.oot');

TCl y *array = new TC| y("AliAlignObjParams",60);
TClonesArray &alobj = *array;

TRandom *md = new TRandom(4321);
Int_tj=0;
Double_t dx, dy, dz, dpsi, dtheta, dphi;

/I'RS = local

/I sigma translation = 1 mm

1/ sigma rotation = 05 degrees
Double_t sigmat
Double_t sigmarot = 1;

TString symname;
TString basename =
Int_t ilndex=0;

'ACORDE/Array";

ayerID iLayer = Ali ayer;
UShort_t volid = AliGeomManager::LayerToVolUID(iLayerilndex);

for (Int_t imod=0; imod<60; imod++X
dx = md->Gaus(0.,sigmatr);
= md->Gaus(0.,sigmatr);
nd->Gaus(0.,sigmatr);
si = rd->Gaus(0.,sigmarot);
dtheta = md->Gaus(0..sigmarot);
dphi = rd->Gaus(0.,sigmarot);
symname = basename;
symname += imod;
) AliAlignObj

volid, dx, dy, dz,dpsi, dtheta, dphi, kFALSE);
i

if( TString(gSystem->Getenv("TOCDB")) = TString("kTRUE") )(
1/l save on file
const char* filename = "ACORDEfullMisalignment.root";
TFile f(filename,"RECREATE");
(1K
Error(macroname, "cannot open file for output\n®);
return;

Info(macroname,"Saving alignment objects to the file %s", filename);
f.ed();
f.WriteObject(array," ACORDEAIignObjs","kSingleKey");
f.Close();
Jelse{
/I save in CDB storage
AliCDBMetaData* md = new AliCDBMetaData();
md->SetResponsible("E. Cuautle & M. Rodriguez");
md->Se|Commen|l”Fu\l misalignment for ACORDE");

ION"));
AICDBIG id(*ACORDE/Align/Datar 0, AICDBRunRange: Infiity();
storage->Put(array,id,md);

array->Delete();
}

void MakeACORDEFullMisAlignment()(
1/ Create TClonesArray of full misalignment objects for ACORDE
"
const char* macroname = "MakeACORDEFulIMisAlignment.C";
Il Activate CDB storage and load geometry from CDB
AliCD cdb = AliCDI z:Instance();
if(1odb->1sD )) cdb->SetD:
cdb->SetRun(0);

local:/$ALICE_ROOT/OCDB");

AlICDBStorage* storage;

Ilload geom from local file till ACORDE is not switched on by default in standard config-files
if( TString(gSystem->Getenv("TOCDB") == TString("KTRUE") }(
TString Storage = gSystem->Getenv("STORAGE");
if(1Storage. local//") & !Storage. ‘alien:
Error(macroname,"STORAGE variable set o %s is not valid. Exiting\n". Storage.Data());
return;

}

storage = cdb->GetStorage(Storage.Data());

if('storage}(
Error(macroname,"Unable to open storage %s\n",Storage.Data());
retum;

}

AliCDBPath path("GRP","Geometry","Data");
AICDBENtry *entry = storage->Get(path.GetPath(),cdb->GetRun();
if(lentry) Fatal(macroname,"Could not get the specified CDB entry!");
entry->SetOwner(0);
T geom = ( try->GetObiject();
AliGeomManager:: Se(Geometry(geom)

Jelse{
AliGeomManager::LoadGeometry(); /load geom from default CDB storage

¥
1 y("geometry.root'):

TClonesArray *array = new TClonesArray("AliAlignObjParams",60);
TClonesArray &alobj = *array;

TRandom *md = new TRandom(4321);
Int_tj=0;
Double_t dx, dy, dz, dpsi, dtheta, dphi;

/I RS = local
// sigma translation = 1 mm

I/ sigma rotation = 0.5 degrees
Double_t sigmatr
Double_t sigmarot =

TString symname;
TString basename = "ACORDE/Array";
Int_t ilndex=0;

ayerlD iLayer = ayer;
UShort_t volid = AliGeomManager::LayerToVolUID(iLayer,ilndex);

for (Int_timod=0; imod<60; imod-++)(
dx = rnd->Gaus(0.,sigmatr);
dy = rnd->Gaus(0..sigmatr);

dtheta = rnd->Gaus(0.,sigmarot);
dphi = rmd->Gaus(0.,sigmarot);
symname = basename;

) AliAlignObi

volid, dx, dy, dz,dpsi, dtheta, dphi, kFALSE);

if( TString(gSystem->Getenv(*TOCDB") I= TString("kTRUE") ){
Il save on file
const char* filename = "ACORDEfuliMisalignment.root";
TFile f(filename,"RECREATE");
(10
Error(macroname,"cannot open file for outputin’);
return;

Info(macroname, "Saving alignment objects to the file %s", filename);
f.ed();
f.WriteObject(array,"ACORDEAIignObjs","kSingleKey");
f.Close();
Jelse{
Il save in CDB storage
AlCDBMetaData* md = new AiCDBMetaData();
md->SetResponsible("E. Cuautle & M. Rodriguez');
md->SetComment(‘Full misalignment for ACORDE");
"SARVERSION));
AIICDBId id(*ACORDE/Align/Data",0,AiCDBRunRange: Infinity();
storage->Put(array,id,md);

array->Delete();
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=P Software

Writing software for an HEP experiment nowadays is a large
and complex team effort:

- Large in house codebases (O(1M) lines of code) from
hundreds of diverse collaborators

- Large number of large external dependencies
(O(1T0OM) lines of code)

- Some very low-level components (readout drivers,
multithreaded frameworks, patched linux kernels)

- Some closed source components (GPU runtime, HW
drivers, generators)

Memory usage is sometimes a stricter requirement than
CPU usage.

While important to model our problems, benchmarking can
only bring us up to a certain point. We need tools which
are able to cope with the complexity of our environment.
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Profile all the things!




Cach p
functio

Preliminaries: the stack

‘ogram has an area of memory which is used to store (push) variables local to a given

N. This area is known as the stack.

int main (..) {
int a;
int b;
int c;

}

Top of the stack

>

" push—

Bottom of the stack

~dod
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Preliminaries: the stack

f(int x, int y, int z) {
int sum = X + y + Z;
return sum;

nen a function is called the information to handle the call can™ be saved on the stack,
forming a so called stack-frame.

}
int sum,;
int main (..) {
int a: return address
int b;
int c; eventual parameters for f()
f(a, b, c);
+ intc
intb
inta

*: what actually ends up on the stack is a complicated
matter as it is architecture specific and moreover the
compiler can do a number of specific optimisations.
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Preliminaries: the stack

Nested functions add up one on top of the other in what is called a callstack.

int w2

g(int w) {

int product w2 = wkw; return address

return w2;
} parameters for g()
f(int x, int y, int z) { S

int sum = X + y + Zz;

return g(sum); return address
F

eventual parameters for f()
int main (..) {

int a; int o
int b; ,

int c;: S
f(a, b, c); inta




Pre

minaries: the stac.

<

Whenever a function returns, the frame gets "pop-ed" from the stack.

g(int w) {
int product w2 = wkw;
return w2;

}

f(int x, int y, int z) {

int sum,;

int sum = X + y + Z;
return g(sum);

return address

}
eventual parameters for f()
int main (..) {
int a; o
int b; .
int c; inth
f(a, b, c); int a

}
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int main (..) {
int a;
int b;
int c;

}

f(int x, int y, int z) {
int sum = X + y + 2;

return sum;

}

int main (..) {
int a;
int b;
int c;
f(a, b, c);
}

g(int w) {

int product w2 = wxkw;

return w2;

by

f(int x, int y, int z) {
int sum = X + y + z;

return g(sum);

by

int main (..) {
int aj;
int b;
int c;
f(a, b, c);
}

f(int x, int y, int z) {
int sum = X + y + z;

return sum;

}

int main (..) {
int a;
int b;
int c;
f(a, b, ¢);
}

intc

intb

int a

int sum;

return address

eventual parameters for f()

intc

intb

int a

int w2

return address

parameters for g0

int sum;

return address

eventual parameters for f()

intc

intb

int a

int sum;

return address

eventual parameters for f()

intc

intb

int a

The whole process happens for each function call.

The callstack gives us o precise location on whe

program, g

iving us a powerful tool to understand

with or with

out the sources.

How can we do so?

-xternal tools (like debuggers or profilers) can be injected in the
orogram flow to inspect the current callstack.

‘e we are inside our
arge codebase,

f we were able to accumulate the callstacks we can analyse the
full program flow as it happens.
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int main (..) {
int a;
int b;
int c;

}

f(int x, int y, int z) {
int sum = X + y + z;
return sum;

}

int main (..) {
int a;
int b;
int c;
f(a, b, c);
}

g(int w) {
int product w2 = wkw;
return w2;

}

f(int x, int y, int z) {
int sum = X + y + z;
return g(sum);

by

int main (..) {
int aj;
int b;
int c;
f(a, b, ¢);

f(int x, int y, int z) {
int sum = x + y + z;
return sum;

}

int main (..) {
int aj;
int b;
int c;
f(a, b, c);

int sum;
return address

eventual parameters for f()

parameters for g()

int sum;
return address

eventual parameters for f()

int sum;
return address

eventual parameters for f()

> 11db -- callstack-example

One set of tools which allows us do so are
the debuggers like gdb (Linux) or lidb
(macOS)



int main (..) {
int a;
int b;
int c;

}

> 11db -- callstack-example

(11db) b g
Breakpoint 1: where = callstack-ex‘g(int) + 8 at cs.cc:2:12, address = 0x100003ee8

f(int x, int y, int z) {
int sum = X + y + z;
return sum;

}

. . int sum;
int main (..) {
int a; return address

int b;
int c; eventual parameters for f()
f(a, b, c);

by

o Let's set a breakpoint (b) to stop
] i?ﬂ: :roduct W2 = wkw;

| return w2; exeCUtIOﬂ Wheﬂ eﬂterlﬂg g()o

filoe w ey, fae 2
int sum = x + y + z;
return g(sum);

}
eventual parameters for f()
int main (..) {

i o b
int c;

f(a, b, c); . imta
}

f(int x, int y, int z) {
int sum = x + y + z;
return sum;

}

. . int sum;
int main (..) {
int a; return address

int b;
int c¢; eventual parameters for f()
f(a, b, c);




int main (..) {
int a;
int b;
int c;

}

f(int x, int y, int z) {
int sum = X + y + z;
return sum;

}

int main (..) {
int a;
int b;
int c;

by

g(int w) {

return w2;
3 parameters for g()

fline x, ant it 2 <

int sum = X + y + z;

return g(sum);
}

eventual parameters for f()

int main (..) {

int a;

int b;

int c;

f(a, b, c);
}

f(int x, int y, int z) {
int sum = x + y + z;
return sum;

}

int main (..) {
int aj;
int b;
int c;
f(a, b, c);
}

> 11db -- callstack-example

(11db) b g
Breakpoint 1: where = callstack-ex‘g(int) + 8 at cs.cc:2:12, address = 0x100003ee8

(11db) r

Process 4419 launched: '/Users/ktf/src/csc-2024/callstack-ex' (arm64)

Process 4419 stopped

* thread #1, queue = 'com.apple.main-thread', stop reason = breakpoint 1.1
frame #0: 0x100003ee8 callstack-ex‘g(w=12) at cs.cc:2:12

int g(int w) {

int w2 = ww;

return w2;

->

1
Vi
3
4  }
d
b

int f(int x, int y, int z) {
I int sum = X + y + z;
Target 0: (callstack-ex) stopped.

Execution will stop at the beginning of g.
The debugger used the stackframe to
orovide the frame #0 information.




int main (..) {
int a;
int b;
int c;

}

> 11db -- callstack-example

(11db) b g
Breakpoint 1: where = callstack-ex‘g(int) + 8 at cs.cc:2:12, address = 0x100003ee8

f(int x, int y, int z) {
int sum = X + y + z;

return sum; (lldb) r
}
int main () 4 it Process 4419 launched: '/Users/ktf/src/csc-2024/callstack-ex' (arm64)

int a;

int b; — Process 4419 stopped

}ﬂ;%,d; * thread #1, queue = 'com.apple.main-thread', stop reason = breakpoint 1.1
f

o bt does the backtrace and shows the current
] izt :roduct W2 = wkw;

callstack

flinex vy, it ) ¢

int sum = X + y + z;
return g(sum);

} . ,
int main () { cventialparameters or 0 Target 0: (callstack-ex) stopped.

int a;
int b;

fa, b, o) (11db) bt
* thread #1, queue = 'com.apple.main-thread', stop reason = breakpoint 1.1
* frame #0: 0x0000000100003ee8 callstack-ex‘g(w=12) at cs.cc:2:12
flint x, dnt y, int 2) { frame #1: 0x0000000100003f3c callstack-ex'f(x=3, y=4, z=5) at cs.cc:8:10
| return sun frame #2: 0x0000000100003f90 callstack-ex‘main(argc=1, (null)) at cs.cc:15:3
int wain () 4 L frame #3: 0x000000018cfde0e® dyld‘'start + 2360

int a;

}

int b;

int c;

f(a, b, c);
}




nstrumentation

int sqrt(int a) {
int 1 = 0;
// Don't do this @home
while(i++ > 0)
if (i*1 >= a)
return 1;
return 0;

¥

int square (int a) {
return a*a;

int sum(int a, int b) {
return a+b;

¥

int hyp(int a, int b) {
instrumentationStart();
int result = sum(square(a), square(b));
instrumentationStop();
return result;

¥

Find out where you are (backtrace!)

Start the timer for this particular function.

Go back to the function

Find out where you are (backtrace!)

Stop the timer and increse the counter for this
backtrace
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nstrumentation

int sqrt(int a) {
int 1 = 0;
// Don't do this @home
while(i++ > 0)
if (i*1 >= a)
return 1;
return 0;

¥

int square (int a) {
return a*a;

int sum(int a, int b) {
return a+b;

¥

int hyp(int a, int b) {
instrumentationStart();
int result = sum(square(a), square(b));
instrumentationStop();
return result;

¥

Find out where you are (backtrace!)

Start the timer for this particular function.

Go back to the function

Find out where you are (backtrace!)

Stop the timer and increse the counter for this
backtrace
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[nstrumentation overhead

147/ns

Time use

83Ns

12Ns

5ns




| )

Sampling profilers

147m

Time used

83m

12m

5m

sum prod sqrt overhead

IN practice, our programs have a repetitive behaviour, lasting very long
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Sampling profilers

Time used

sum

Periodically sampling every few mi
the same time distri

83%

12%

37ns*100m/0.001s
= 0.2s = ~01%

prod sqrt overhead

iseconds what is being run by the CPU we converge to

oution while amortising the overhead
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Memory pro1ilers

- Sometimes the issue is not to be fast enough, but to actually fit in memory
- Memory issues can be daunting
- Memory profilers help us also to improve correctness / finding leaks

- Memory allocation is very often on the critical path for performance. Doing an allocation is
expensive!
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Memory pro1ilers

nstrumentation is however very handy to collect info
- .g. you can track memory usage by instrumenting

‘mation from s

malloc / free a

nd related fu

Find out where you are
(backtrace!)

Keep track for the allocation for
this particular backtrace.

void f(void) {

Go back to the function
char * foo= new char[10];

delete [] (__\_

Maller subsets of

NCtIo

function.

1S.
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[gProt

Hooks into malloc & C

It only profiles heap allocations do not expect your 64MB array on stack to popup.

Three different kind of counters:
MEM _TOTAL: sum of allocations in a call-path

MEM _LIVE: sum of allocations from a given call-path, still
oresent when profile dumps results

MEM_MAX: largest single allocation in call-path

For each counter we store the number of calls and the
allocated bytes. “Peak” mode also available.
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Running IgProt

##include <cstdlib>

int main(int argc, char **argv) { Let's consider a simple program
for (Int n =15 n <= 195 ++n) which just allocates some memory

11oc(1); g .
e and compile it




Running IgProt

Prefix what you want to profile with

> -0 output.gz -mp ./simple-alloc
> 1gprof-analyse -g -d -r MEM_LIVE output.gz




Running IgProt

1gprof -o output.gz -mp ./simple-alloc
1gprof-analyse -g -d -r MEM_LIVE output.gz

to specity the output




Running IgProt

1gprof -o output.gz ./simple-alloc
1gprof-analyse -g -d -r MEM_LIVE output.gz

for memory profiling, for sampling performance profiler




Run the analyser job on the profiler output to produce a report

> 1gprof -0 output.gz -mp ./simple-alloc
> 1gprof-analyse -g -d -r MEM_LIVE output.gz




Analysing results

igprof-analyse

Dumping a 50MB gzipped file full of profile data is useless if you cannot extract
information from it. igprof-analyse takes a profile dump and produces (somewhat)
human readable reports from it. Tries hard to be accurate when doing symbol name

demangling, using nm and gdb.

It also aggregates call-paths, allows applying various filters on the call-tree, both by
changing contents of single nodes and by merging nodes together.

Exports results in a gprof like text file, sqlite db, or JSON object

igprof-navigator

A poor man cgi script / python server which allows you to navigate results via a web
interface. Uses the sqlite report as input.
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Analysing results

gprot like report format

For each node in the callpath, we aggregate edge information for nodes going into the
selected node (i.e. callers) and nodes going out (i.e. callees). Considered node
symbol is indented to highlight it.

\\ Rank % total Self Self / Children Calls / Total Function
[1] 100.0 4 main

0 / 4
50.0 ...venns 2 / 3 / 2 bar(int) [2]
2 / 2 / 2 foo() [3]

N = W

/
g
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Analysing results

gprot like report format

Lines below the selected symbol are callees.

\\ Rank % total Self Self / Children Calls / Total Function
oar [1] 100.0 4 0/ 4 3 main
50.0 ...venns 2 / 3 1/ 2 bar(int) [2]
50.0 ....cun- 2 / 2 2 / 2 foo() [3]

/
g
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Analysing results

gprot like report format

Lines below the selected symbol are callers.

\\ Rank % total Self Self / Children Calls / Total Function
25.0 tivennns foo() [3]

1/ 2 1/ 2
50.0 ...venns 2 / 4 1/ 3 main [1]
[2] 75.0 3 3/ 0 2 bar(int)

/
g

00



Analyzing results

gprot like report format

Lines below the selected symbol are callers.

\\ Rank % total Self Self / Children Calls / Total Function
50.0 ...ven.s / 3 main [1]

2 / 4 2
[3] 50.0 2 1/ 1 2 fool()
25.0 .iiienas 1/ 3 1/ 2 bar(int) [2]

/
g

6/



Memory profiling

<igprof started here>

for (int n = 1; n <= 10; ++n)
malloc(1);

<igprof dumps report>

Counts Calls

MEM_LIVE

MEM _LIVE and MEM_TOTAL
are the same If the is no
deallocation MEM_MAX

MEM_TOTAL
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Memory profiling

<igprof started here>

for (int n = 1; n <= 10; ++n)
malloc(1);

<igprof dumps report>

Counts Calls

MEM_LIVE

MEM_MAX tracks single MEM_TOTAL
allocations

MEM_MAX
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Memory profiling

<igprof started here>

for (int n = 1; n <= 10; ++n)
malloc(n);

<igprof dumps report>

Counts Calls

MEM_LIVE

Counts are the sum of MEM_TOTAL
allocations, calls are how
many times we called malloc

MEM_MAX
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Memory profiling

<igprof started here>

for (int n = 1; n <= 10; ++n)
free(malloc(n));

<igprof dumps report>

Counts Calls

Once you start deallocating MEM_LIVE

the difference between MEM TOTAL
MEM _LIVE and MEM_TOTAL
IS obvious MEM_MAX

71



Memory profiling

<igprof started here>

for (int n = 1; n <= 10; ++n)
free(malloc(n));

<igprof dumps report>

Counts Calls

MEM_LIVE
MEM_LIVE in peak mode

gives the largest block of MEM_TOTAL
memory at one point in time

MEM_MAX

/2



Memory profiling

<igprof started here> Dumps can be triggered
- by calling a public symbol
Ior (int n = 1; n <= 10; ++n) or by writing to a file

| specified by the =D option.
void *x = malloc(1l);

: In this particular case you
<igprof dumps reportx> get n reports
free(x); |

}

Counts Calls

MEM_LIVE

MEM_LIVE becomes a "likely MEM_TOTAL
leaks” checker!

MEM_MAX

/3



Call tree

volid bar(int 1)

{
}maNOC(l)i In large programs
what Is actually
goid foo() Interesting Is to know
malloc(1): not only which
}bar(l); functions allocated
most of the memory,
int main(int, char *x) but why.
{
foo(),
bar(2),

}
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Call tree

volid bar(int 1)

{

malloc(1);

}

void foo()

{
malloc(1);

bar(1);
/

int main(int, char sx) Every time an
! . .
Foo() iINstrumented function

bar(2); IS called we determine
/ the full calltree.
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Call tree

volid bar(int 1)

{

malloc(1);

}

volid foo()
{
malloc(1);
bar(1l);

/

int main(int, char *xx)
{

foo();

bar(2) ;

}

/0



Call tree

volid bar(int 1)
{

malloc(1);

MEM_TOTAL

void foo() ——
{
malloc(1);
bar(1);

MEM_TOTAL
MEM_MAX

MEM_LIVE

int main(int, char *xx)
{

foo();

bar(2); EE

MEM_TOTAL
} MEM_MAX

7



Visualising results

IgProf itself has a simply embedded web GUI called IgProf Navigator (works with python cProfile
as well).

Many tools (most notably, perf) can export information in the so called Google Trace Event
format. Results can then be visualised graphically in Chrome aboutstracing or in a numlber of
other tools:

. https://www.speedscope.app/
. https://profilerfirefox.com/

A number of IDEs have their own GUI:

e Instruments

e VTune
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https://www.chromium.org/developers/how-tos/trace-event-profiling-tool/
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More profiling tools

. |gProf: yours (and Lassi Tuura) truly. Both memory and performance profiling

.« Goodgle Perf Tools: similar to IgProf, can do both memory and sampling profiler

.« Cachearind: Valgrind fame profiler

. perf: low level profiler (uses CPU performance counters)

- VTune: Intel profiling suite

racy: game developer oriented profiler. Embeddable.

. Instruments: Apple profiler, part of XCode

. cProfile: python embedded profiler
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https://igprof.org
https://github.com/gperftools/gperftools
https://valgrind.org/docs/manual/cg-manual.html
https://perf.wiki.kernel.org/index.php/Main_Page
http://www.apple.com/uk
https://github.com/wolfpld/tracy
https://developer.apple.com/xcode/
https://docs.python.org/3/library/profile.html

INspiring final last words

Farbrausch - fr-041: debris. [2160p60]
Breakpoint 2007 Demo Party Winner
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https://www.youtube.com/watch?v=jY5Vrc5GO0lk
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INspiring final last words

Farbrausch - fr-041: debris. [2160p60]
Breakpoint 2007 Demo Party Winner
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https://www.youtube.com/watch?v=jY5Vrc5GO0lk
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