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OUTLINE

* Benchmarking TMath (cmath) in MPDRoot
* Profiling MPDRoot — Instructions vs Timings
* TMath Optimization

* Reducing Calls

* Premature Optimization / When to optimize
* Getting the SD process under control

* Improving code quality

* Testing in development

* Testing environment



TMATH BENCHMARKS
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INSTRUCTION PROFILING

Flat Profile o % | FairTask:ExecuteTasks(char const¥)

search (NoGrouping) Types callers  AllCallers  CalleeMap  Source Code

In self | called Function Location ine! Distangg, |Called Hgliar

mm 99993 0000 2 g TCling::ProcessLine(char const*, Tinterpret... libCling.so. . 100000 £ 1 M ding: P gRef, cling: , bool) (libCling.s0.6.22.08)

. 99993 0000 1 g HandleInterpreterException(cling:MetaPro.. libCling.so. . 100000 2 1 ® dling: ommandc cling: ling.s0.6.22.08)

- 99993 0.000 1 g cling:MetaProcessor::process{livm:stringR... libCling.so. . 100.000 0 1 i dling: isCommand|cli cling::Value®) (libCling.s0.6.22.08)

99993 0000 1 g clingzMetaParserzisMetaCommandicling:t.. liaCling.so, | | | mmm 100.000 ic 1 M ding:MetaParser:iskCommandic dling:Value*) (libCling.50.6.22.08)

. 99993 0000 1 g cling:MetaParserzisCommandicling:Metas... libCling.so. 100,000 3 Tmc +OnXC i cling: ) ibCling.50.6.22.08)

99993 0000 T i libcling.so. mm 100.000 8 Tmec hofstd::_oxx11:basic_stringschar, std::char_traits<char>, > const&, dling::Valu ling.s0.6.22.08)
mm 99993 0000 ™ libCling.s0. mmm 100.000 7 1 M ding:Interpreter:Evaluatelnternal(std::_cxx11zbasic_string<char, std::char traits<char>, std:allocator<char> > const&, cling::CompilationGptions, dling::Value*, cling:Transaction**, unsigned long) (libCling.s0.6.22.08)
. 9872 0000 1 g clingznterpreter:echo(std::_ooct1zbasic s... libCling.so. - B THc tion(clang::FunctionDecl const*, cling: (ibCling.50.6.22.08)

mm 99872 0000 1 g cling:nterpreter:valuateinternal(std:_cx... libCling.so. = P 1 dingzine Utor:exec ingRef, cling: const (libCling.50.6.22.08)

. 9872 0000 1 g cling:Interpreter:RunFunction(clangzFunct... libCling.so. = 100.000 & 7 M 0x000000000b4a1000

mm 99872 0000 1 g clingztna libCling.so. | | | = 100.000 2 7 M 0x000000000b492430

mm 99872 0000 1 g 0x000000000b4a1000 (unknown) m 100.000 2 500 m FairRunAna:Run(int, int) (ibBase.50.18.6.3: FairRUNANA.CXX, ..)

. 99872 0000 1 g 0x000000000b49e430 (unknown) . 100.000 1 500 m FairTask:ExecuteTaskichar const*) (libBase.s0.18.6.3: FairTask.cx

- 99452 0000 1 g FairRunAna:Run(int, in) libBase:so.

98956 0000 500 g FairTask:ExecuteTask(char const¥) libBase:so.

0.000

m 48271 0026 500 g MpdTpcClusterFinderhiem: Exec(char cons... libtpc.s0.0.(
W 45403 0079 500 g MpdTpcClusterFinderMlem: FindHits() libtpcs0.0.
m 45403 2324 500 g MpdTpcDigitizerAZIt:Exec(char const*) libtpcs0.0.
m 42913[ 1295 293903 g MpdTpcClusterFinderMlem:Miem(int, std:... libtpcs0.0.
M 23965 | 12030 5167857386 g MpdTpcClusterFinderMlem:GetCijint, dou... libtpc:so.0.
M 23319 1105 3076 280 g MpdTpcDigitizerAZIt:TocProcessing(TpePoi... libtpc:so.0.
¥ 18,630 2443 356815935 g MpdTpcDigitizeraZit:PadResponse(fioat, fl.. libtpeso.0.
I 17150 2316 8124 g MpdTpeDigitizerAZit:Signalshaping() libtpc50.0.
' 10202 0.001 7563693 g fitw_execute libfftw3.50.
' 10201 0223 7563693 g fftw_rdft2_solve libfftw3.s0.
' 8926 0173 7115322265 w 0x0000000004df5170 (unknown)
i 8867 0180 7362192833 p operator delete(void®) libstdc++s¢
i 8851 0169 6915337773 w operator delete(void®, unsigned long) libstdc++s¢
i 8688 0180 7362192833 g 0x0000000004d75920 (unknown)
i 8521 2570 7369984119 g free libc:233.50
| 8052 0792 356815935 m MpdTpcDigitizeraZi:GetArea(fioat, float, fl.. libtpcso.0.
6156 1049 7168311480 g operator new(unsigned long) libstdce+sc
5058 5035 7182560221 g 0X0000D0000008ETdO libc-233.50
5750 5759 137350519 g 0X0000000000163b90 libc-233.50
5204 1185 2205377552 g std:_Rb_tree iteratorestd:pair<int const, d... libtpcso.0.0 (ot ) 2 13076 280 x 8124 11037435,
5126 0.000 3781846 g TFFTComplexReal:Transform() libFFTW.50.
5107 0175 7168311481 g 0x0000000004df4f60 (unknown)
5077 0.000 3781847 g TFFTRealComplex:Transformi() libFFTW.50. =
4980 0,005 3781846 g 0x00000000000647d0 libfftw3.s0.
4939 0.000 500 g MpdTpckalmanFilter:Exec(char const) libLHETrack
4933 3760 7168526123 g malloc libc-23350
4926 0005 3781847 g 0x0000000000064720 libfftw3.s0.

4805 4805 20771942688 w MpdTpcDigitizerAZit:CalcOrigin(DigOrigArr... libtpe.so.0. Callees  CallGraph  AllCallees  CallerMap  Machine Code




TIME PERFORMANCE
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OPTIMIZATION TMATH

TMath functions instructions percentage in MPDroot

E double

mm float

sincos

atan2
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REDUCING CALLS

* Algorithm logic improvement

* Inlining (inline, flatten)

“Q: Do inline functions improve performance?

A: Yes and no. Sometimes. Maybe.”

isocpp.org FAQ

Example from MPDRoot codebase

(ClusterFinder Task)

% of Instructions Instructions % of calls Task Total

out of total per call inlined speedup speedup
CalcOrigin 4.8 18 100 4.2% 1.9%
(Digitizer Task)
GetClj 12 380 90 -1.2% -6.3%




PREMATURE OPTIMIZATION

“Premature optimization is the root of all evil” Rules of optimization:

: Rule 1: Don’t do it.
Donald Knuth (TeX), Tony Hoare (quicksort) Rule 2 (for experts only): Don’t do it vet.

WHEN TO OPTIMIZE

Single responsibility principle
Open/Closed principle

Software elements (modules, classes,
functions etc) should be open for
extension, but closed for modification

Liskov Substitution principle
Interface Segregation principle
Dependency Inversion principle



GETTING THE SD PROCESS UNDER CONTROL

“The art of programming (software development) is the art of organizing complexity,

of mastering multitude and avoiding its bastard chaos as effectively as possible.”
E. Dijkstra

e Code Ownership within GitLab - already developed
CodeOwners Admin @project 24 bot - 2 months age e @ O &2 &
CODEOWNERS FILE - detector owner(s) M il s P hckhe chas o oot r e .
- reconstruction owners
- system scripts owners

Ownership of other directories to be assigned in the future — generators, geometry, physics analysis, QA,
macros, system config

Benefits - code review by competent developers
- no arbitrary merges
- less trash code



IMPROVING CODE QUALITY

“We rarely put defects directly, instead we set up conditions
that trick us into putting in defects later”

How to prevent this?

e Testing environment — in progress (critical, the very first thing to do)
 Removal of unused detectors — nearly finished (one left)

* Directory restructuring to reflect multilevel hierarchy - in progress

* Dead code identification & cleanup —to be done

e Automatic code formatting —to be done

* Documentation —in progress



TESTING IN DEVELOPMENT (NEW CODE)

EFFICIENT DEVELOPMENT CONSISTS OF

1. Define module’s (algorithm) external behavior

WRITE A FAILING TEST
TO DRIVE
IMPLEMENTATION

2. Develop working prototype

3. Refactor

. IMPROVE CODE
- improve code structure QUALITY AND

. . ) ) EFFICIENCY WRITE JUST ENOUGH
without changing its external behavior

CODE FOR
TEST TO PASS

Refactor
Achieved by WRITING TESTS TO (—

- Force proper modularization
- Force proper abstraction

- Force clear separation into OO and procedural parts



TESTING ENVIRONMENT

CONSTRUCTION TESTING ACTIVITIES

Single step testing
- Stepping through the code with the debugger

Unit testing
- Smallest thing that can be automatically tested, like method (subroutine)

Component testing
- Testing of aggregate of units
- Automated, often with use of mocks, stubs, fixtures

Bench testing
- Testing of the component in the entire system



TESTING ENVIRONMENT (LEGACY CODE)

COMMON STRATEGIES TO ADD TESTS

* Error-prone areas of the system
High-fan parts, afferent coupling metrics
Critical modules

Often changed areas

Any time code is modified

TECHNICAL REALIZATION

* Toolset — mocks, stubs, fixtures — dependency injection

Integrated with build system / executed after each build

Ability to run on demand with custom parameters

Incremental refactoring to increase testability (decoupling, interfaces)
Root cause analysis



Thank You !

Q&A




