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Introduction
m Why do we need performance analysis?
m When is performance analysis useful?
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Why do we need performance analysis?

Program efficiency

What impacts program efficiency?
m Time consumption

Theory time complexity of algorithms (Big O notation)
Practice implementation of algorithms

m Space consumption
m data input/output size
m space used during the calculation

m Energy consumption

You will always have the Memory Time Trade-off problem, meaning
you have to choose between time and memory consumption.
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Why do we need performance analysis?

Why analyzing?

We want to optimize our programs, because optimized programs:
m Save time

m Save money

Before we can optimize, we have to analyze

We have to find bottlenecks in terms of:
m CPU usage
m Memory usage

m Disk usage
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When is performance analysis useful?

When to analyze?

Performance analysis is useful for
m Application software when
m The software feels unresponsive
m The software uses a lot more ressources than expected
m High Performance Computing (HPC) when

m A lot of CPU cores are unused
m A lot of memory swapping occurs

Generally:
Premature optimization is bad, because of readability and

development speed
Thus, write the program first, then optimize.

Performance analysis

Florian Stiefel



Introduction

0000

When is performance analysis useful?

Optimization Cycle Workflow

Instrumentation

Optimization

Figure: Source [Moo11]
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Methods
m Profiling
m Tracing
m Benchmarking
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What is profiling?

m High-level summary of program performance

m Aggregates statistics at runtime

Data collected:
m Total time spend, total bytes sent/written
m Number of times a method was invoked

m Average time a method takes executing
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Profiling

How can you do profiling?

To profile your program you can:
m Manually add output, aggregate them in a log file
m Use compiler options, e.g. gcc -pg with gprof
m Use external profiling tools
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Profiling

Example output with gprof for C4++
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Profiling

Pros and Cons

Pro Contra

m Finite data size m Lacks certain information

= Small and clear m Cannot describe process

m Little overhead interaction

m Delivers a overview of the
performance (problems)

Florian Stiefel Performance analysis



Intro io c on Demo

Tracing

What is tracing?

Collects event history
Generates a trace record with timestamps

Generates very detailled data

Common to be displayed on a timeline
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Tracing

Tracing visualized
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Tracing

Pros and Cons

Demo

Pro Contra
m Covers spatial temporal m Can generate huge data
dimension sets

m Meaning parallel
processes and process
interaction

m Delivers detailled data
which can be great for
understanding the
programm behavior
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Benchmarking

What is benchmarking?

m A way to test and compare your programs performance
m Can be easily repeated

m Generates a score to easily compare programs

m e.g. Running two different versions of your program with the
same data set
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Benchmarking

What do you need for a benchmark?

A benchmark consists of a
m Scenario
m Criteria
m Metrics
m Score

You can met these requirements if you are using a benchmarking
framework.
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Tools
m Score-P
m Vampir
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Performance tools

Performance tools will help you:
Understand the runtime behavior better
Find bottlenecks for you to optimize
Visualize your data

They will not:

m Make your program run faster

There are different tools for different approaches or languages
(direct/indirect, singlecore/multicore (parallel))
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Score-P

Score-P

Score-P

Scalable performance measurement
infrastructure for parallel codes

m Tool suite for performance analysis of HPC applications
m Supports profiling and event tracing
m Works with multiple analysis tools

m Uses Open Trace Format
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Score-P

How it works

m Acts as a compiler wrapper with e.g. mpicc or mpifort

m Needs libraries like OpenMP
m Inserts measurement probes into C/C++ or Fortran code
m The data is collected when the probes are triggered
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m Analysis framework
m Uses visualizes data collected with Score-P

m Has a server edition for very big data sets
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Vampir

Vampir tracing monitor
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Conslusion

Possible workflow for performance analysis

A good way to analyze a program would be
First write the programm

Then profile the behavior for a approximate performance
analysis

When bottlenecks are detected you can do tracing for details

@ After optimization you can benchmark your program to
compare it

Repeat step 2 to 4 until you reach good performance
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Live demo

Vampir Live Demo
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