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Chapter 1. Introduction

1.1. Overview

1.1.1.

1.1.2.

AMD CodeAnalyst is a suite of tools to assist performance analysis and tuning. Chapter 2, Features
provides asummary of CodeAnalyst features and concepts. It is essential reading for all CodeAnalyst
users.

The overview isfollowed by the Chapter 8, Tutorial. Thetutorial provides step-by-step directionsfor
using CodeAnalyst. In order to get an overall impression of the CodeAnalyst workflow, please read
following sections of these tutorials:

» Section 8.2, “Tutorial - Prepare Application”

e Section 8.3, “Tutorial - Creating a CodeAnalyst Project”

» Section 8.4, “Tutoria - Analysiswith Time-Based Sampling Profile’

» Section 8.5, “Tutorial - Analysiswith Event-Based Sampling Profile”

» Section 8.6, “Tutoria - Analysis with Instruction-Based Sampling Profile”
Following sections describe different areas of the CodeAnalyst configurations and workflow in detail.
» Chapter 3, Types of Analysis

» Chapter 4, Configure Profile

» Chapter 5, Collecting Profile

» Chapter 7, View Configuration

» Section 2.7, “ Session Settings”

» Section 2.3, “CodeAnalyst Options’

» Section 2.5, “Importing Profile Data into CodeAnalyst”

 Section 2.6, “Exporting Profile Datafrom CodeAnalyst”

Preparing an Application for Profiling

AMD CodeAnalyst usesdebug information produced by acompiler. Debug informationisnot required
for CodeAnalyst profiling, but it is required for source-level annotation. Performance data can be
collected for an application program that was compiled without debug information, but the results
displayed by CodeAnalyst are less descriptive. For example, CodeAnalyst will not be able to display
function names or source code. (Assembly codeis displayed instead.) When compiling an application
in release mode, the devel oper can still produce the debug information so that AMD CodeAnalyst can
perform its analysis.

Compiling with the GNU GCC Compiler

When using GNU GCC to compile the application in general, specify the option -g to produce debug-
ging information. Please refer to section " Options for Debugging Y our Program or GCC" of the
gcc Linux® manual page (man gcc) for more detail.




Chapter 2. Features
2.1. Overview of AMD CodeAnalyst

2.1.1.

2.1.2.

Program Performance Tuning

The program performance tuning cycle is an iterative process:

1. Measure program performance.

2. Analyze the results and identify program hot-spots.

3. ldentify the cause for any performance issues in the hot-spots.
4. Change the program to remove performance issues.

AMD CodeAnalyst assists all four steps by collecting performance data, by analyzing and summariz-
ing the performance data, and by presenting it graphically in many useful forms (tables, charts, etc.).
CodeAnalyst directly associates performance information with software components such as process-
es, modules, functions and source lines. CodeAnalyst helps to identify the cause for a performance
issue and where changes need to be made in the program.

The performance tuning cycle resembles the classic "scientific method" where a hypothesis (about
performance) is made and then the hypothesisis tested through measurement. M easurement and anal-
ysis provide an objective basis for tuning decisions.

Performance analysis and tuning with CodeAnalyst consists of six steps:

1. Prepare the application for analysis by compiling with debug information turned on (an optional
step).

2. Select thekind of datato be gathered by choosing one of several predefined profile configurations.

3. Configure run options such as the application program to be launched, the duration of data collec-
tion, etc.

4. Start and perform data collection.
5. Review and interpret the summarized results produced by CodeAnalyst.

6. Make changesto the program'’s algorithm and source code, recompile/link, and analyze again.

Types of Analysis

AMD CodeAnalyst isasuite of toolsthat help improve the performance of an application program or
system. CodeAnalyst provides several different ways of collecting and analyzing performance data.

» Time-based profiling (TBP) shows where the application program or system is spending most of
itstime. Thiskind of analysisidentifies hot-spotsthat are good candidates for tuning and optimiza-
tion. After making changes to the code, time-based profiling can evaluate, measure, and assessim-
provements to performance. It can also verify that the modificationsimproved execution speed and
calculate by how much. Please see Section 3.2, “ Time-Based Profiling Analysis’ for more detail.

» Event-based profiling (EBP) uses the performance monitoring hardware in AMD processors to
investigate hot-spots. Thiskind of analysisidentifies potential performance issues such as poor data
access patternsthat cause cache misses. An event-based profile can identify the reason for aperfor-
mance issue as well as the code regions that may be performance culprits. Event-based profiling
can test hypotheses about a performance issue to identify and resolve it. When multiple events are
sampled, an event profile shows the proportion of one event to another. See Section 9.1, “Perfor-
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2.1.3.

2.1.4.

2.1.5.

2.1.6.

mance Monitoring Events (PME)” for descriptions of the events supported by AMD processors.
Please see Section 3.3, “Event-Based Profiling Analysis’ for more detail.

 Instruction-based sampling (IBS) also uses the performance monitoring hardware. This kind of
analysis identifies the likely cause of certain performance issues and associates those issues pre-
cisely to specific source lines and instructions. Please see Section 3.4, “ Instruction-Based Sampling
Analysis’ for more detail.

» Basic Block Analysis statically analyzes the assembly instructions to identify basic blocks and
aggregates data accordingly. Please see Section 3.5, “Basic Block Analysis’ for more detail.

 In-line Analysis allows users to aggregate samples into either in-line functions or in-line instance.
Please see Section 3.6, “In-Line Analysis’ for more detail.

» Session Diff allows comparison of profiling sessions based on symbols. Please see Section 3.7,
“Session Diff Analysis’ for more detail.

Analysis usually begins with time-based profiling in order to find time-critical and time-consuming
software components. Event-based profiling or instruction-based sampling is usually employed next
in order to determine why a section of code is running more slowly than it should.

Flexible, System-Wide Data Collection

CodeAnalyst's data collection is system-wide, so performance data is collected about all software
components that are executing on the system, not just the application program itself. CodeAnalyst
collects data on application programs, dynamically loaded libraries, device drivers, and the operating
system kernel. CodeAnalyst can be configured to monitor the system as awhole by not specifying an
application program to be launched when data collection is started. Time-based profiling, event-based
profiling, and instruction-based sampling collect data from multiple processors in a multiprocessor
system. CodeAnalyst can also be used to analyze Java just-in-time (JIT) code.

Summarized Results with Drill-down

CodeAnalyst summarizes and displays performance information at several levels of granularity or
"aggregation:"

* Process

* Module

* Function
» Sourceline
* Instruction

The CodeAnalyst graphical user interface organizes and displays information at each of these levels
and provides drill-down. Thus, CodeAnalyst provides an overview of available performance data (by
process or by module) followed by drill-down to functions within a module, to source lines within a
function, or even the instructions that are associated with aline of source code.

Graphical User Interface

The CodeAnalyst graphical user interface (GUI) provides an interactive workspace for the collection
and analysis of program and system performance data.

Projects and Sessions

The CodeAnalyst GUI uses a project- and session-oriented user interface. A project retains important
settings to control a performance experiment such as the application program to launch and analyze,
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settings that control data collection, etc. A project also organizes performance data into sessions. A
CodeAnalyst session is created when performance data is collected through the GUI or when profile
data is imported into the project. (The Oprofile command line utility is an alternative method for
collecting data.) Session datais persistent and can berecalled at alater time. Sessions can be renamed
and deleted.

Summary of GUI features

The CodeAnalyst GUI offers many featuresthat makeit easy to collect, view and analyze performance
data. This subsection summarizes the main features offered by the CodeAnayst GUI.

Organize and manage performance data in a CodeAnalyst project where a project consists of one or
more Sessions.

Configure and control program execution, and data collection such as:

 Specify data collection parameters (e.g., sampling interval, trigger events, trigger event count, in-
clusion of system/user mode samples, etc.)

» Manually start and stop data collection

» Delay datacollection for aspecified period of timeto avoid taking measurements during aprograms
start up phase

* Stop data collection when the monitored program terminates or after a specified time (duration)
has expired

Define important program properties and project options such as:
* Path to the executable binary image
* Path to program source code

Collect performance data using time-based profiling, event-based profiling, and instruction-based pro-
filing where available.

Display performance information in different formats such as:

* Table

e Bar graph

» Annotated source and assembler code

Display performance information in different views such as:

» System Data and System Graph views to identify hottest code modules and CPUs

» Module Dataand Module Graph viewsto drill down into asingle module to identify hot procedures
and code within amodule

 Source and Assembly Views to see the time and event data associated with individual statements
and instructions

Capture and save code produced by Java just-in-time (JIT) compilation.
Import performance data that was collected using the Oprofile command line utility.

Export data to allow post-processing using a spreadsheet program (or a user-written custom applica-
tion).
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Basic Steps for Analysis

The CodeAnalyst graphical user interface provides features to set up a performance experiment, run
the experiment while collecting data, and display the results. The basic steps are:

1. Open an existing project or create a new project.
2. Set up basic run parameters like the program to launch, the working directory, etc.
3. Select apredefined profile (data collection) configuration.

4. Collect a time-based profile, event-based profile, or IBS-based profile as selected by the profile
configuration.

5. View and explore the results.

6. Savethe project and session datato review it later or to shareit.

2.2. Exploring the Workspace and GUI

2.2.1.

2.2.2.

The Exploring the Workspace and GUI section serves asavisual guideto options and related screens.
All optionsthat have a separate information section contain links to that section.

Projects Panel

The Project Panel opensinitially with no projects open. Projects consist of sessions created by using
profile configurations and by importing performance data captured using the CodeAnalyst Command
Line Utility program (OProfile). Kinds of sessionsdisplayed are TBP (time-based sampling sessions),
EBP (event-based sampling sessions), and IBS (I nstruction-Based Sampling sessions).

Figure 2.1. Project Panel
ERN=I =

my_project.caw | *]
- TBP Sessions

Status Bar

The status bar displays the current operation taking place. For example, while a profile is being col-
lected, the Sampling Sessions Started status bar displays the amount of time |eft to run in percentages.
The status bar displays some of the following examples:

Figure 2.2. Status bar

Sampling Seszion |de. I
Pling ﬂ

Profiling... (] 5%
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Toolbars

The CodeAnalyst tools consist of menu items and corresponding icons or drop-down lists. Most menu
items and icons are not active until after a session is opened (or a profile session is running), as the
following illustrations show.

Figure 2.3. Toolbars - inactive and active

File  Profile Tools Windows Help

‘B BdETOHN 00 0] 5
W File Profile Tools Windows Help [1x][=]
E @ (= Eé @ é@ o °|A55essperformance »
Floating and Docking Toolbar Groups
Toolbar groups have the ahility to be floated or docked in the workspace. Drag and drop a toolbar
group using thegrip _| located to theleft of the group. Drag into thework areauntil the border darkens,
and release. The toolbar displays its group name in a header. Double-click on the toolbar name to
automatically return it to the toolbar area. To replace in original position, drag and realign the group
until the shape changes (elongates) and then release the mouse. Following are examples of toolbars
being docked and floated.
Figure 2.4. Floating and docking toolbars
. Advanced Micro Devices - Codefnalyst [froot/AMD/CodeAnalyst/my_project/my_project.caw] ...I o| = B
W File Profile Tools Windows Help [=1xI[x]
B BB
T | my_project.caw Sad E All Data hd Manage
E----TBF‘ Sessions 3
Z-EBP Sessions Systern Data | Systermn Graph Sj.rstemTask5| X
(o] Module Name | 64-bit CPU clocks & |DC[#
E----SESSIOH 01 T —— 76267 P
g----Session 02 p froot/classic/classic o 7
- 5ession 03 & ampling Tool Bar
Niesafibett @ @ | Assess performance v| 394
Justlib64/g 320
foptiCodefnalystbinfoprofiled o T2
|| [rusibGaibstdc++.50.6.0.8 < 32—
— [[<] | [+]
‘Samplmg Session Idle. I ’QJ

Any single icon or groups of icons that include the grip bar *. can be moved around the work area.
Thisincludes tools found only on specific tab windows.

Menus, Tools, and Icons

CodeAnalyst provides a menu bar and three toolbars. The toolbars can float in any area of the
workspace.
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The following sections give descriptions and definitions of menus, tools, and icons available for cre-
ating projects, profile actions, and creating configurations.

2.2.6. File Menu and File Icons

Eile Profile  Tools Windows Help

[£] New Ctri+N
Eil Open Ctri+0

Quit Ctri+0Q

frootfAMD/CodeAnalyst/CodeAnalyst.caw
froottAMD/CodeAnalystitest CAftest classic/test classic.caw
froot/AMD/CodeAnalystitest CAftest classic.caw
froot/AMD/CodeAnalysttest CAftest Numa/test Numa.caw

The commands available in the File menu are shown in the following table. These icons also appear
as toolbar group icons that can float or be docked.

Menu Command and I con (Fast Key) Description
: (Ctrl+N) Opens anew project. This opens
EI New the Project Options dialog box.
(Ctrl+0) Opens an existing project. This
opens a dialog box for navigat-
F*) Open dialog box for navi

ing to CodeAnalyst workspace
files. Recently opened projects
arelisted at the bottom of the File
menu.

FI Save (Ctrl+0) Saves an open project.

Export System Data... Exports the project data to a
comma separated value (CSV)
formatted file. This action opens
the Save As dialog box of file
type CSV.

Import... Imports performance data files
generated by Oprofile com-
mand-line tools.
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Menu Command and | con (Fast Key)

Description

Close

(Ctrl+W)

Closes an open project.

Quit

(Ctrl+Q)

Closes the application.

Profile Menu and Toolbar Icon Group

The Profile menu and icons are used to start, pause, and stop data collection. Options are also part
of the toolbar in the Profile toolbar group, which includes the profile configuration to be used for
collecting performance data.

Figure 2.5. Profile menu and toolbar

Profile  Tools

© Stat
() Pause
0 s

top

@ @ O |curenttime-base profile »

The commands available for controlling data collection and for selecting the profile configuration are
shown in the following table.

Icon Description
o Activates the sampling process in the same way
Start L= as choosing Start from the Sampling menu. This

icon is in the active state when a project is open
and the sampling process has not yet started

PauseE

Suspends the sampling process in the same way
as choosing Pause from the Sampling menu. This
icon is red in the active state when a project is
open and the sampling processisin progress

Stop

=)

Terminates the sampling process in the same way
as choosing Stop from the Sampling menu. This
icon is red in the active state when a project is
open and the sampling process has started or has
been paused.

[profile configurations]

(Second list) Provides a list of pre-defined pro-
file configurations for data collection. The profile
configuration determines the performance data to
be collected (time-based, event-based, etc.). The
list changes according to which mode is selected.
See Chapter 4, Configure Profile for more details.

Tools Menu and Icons

The Tools menu contains icons for modifying project options for the current project and applica-
tion-level CodeAnalyst options. These icons also appear as toolbar group icons that float or can be
docked. Asthelast illustration shows, the Session Settingsiconisnot active unlessa session isopened.
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Figure 2.6. Tools menu and toolbar

Codefnalyst Oplions
Configuration Managemeni
Wiew Managemeni

Create Diff Session

Figure 2.7. Active and I nactive | cons

SRy

The following table summarizes the Tools menu items and associated toolbar icons. Hovering the
mouse over theicon displays the name asindicated in parentheses. Links under "Menu Command” go
to the corresponding section for more information. The rollover text isincluded to assist with similar

naming conventions used.

Menu Command / I cons

Description

Session Settings Use this icon to change the sessions settings
(eg., time-based and event-based). Please see
Section 2.7, “ Session Settings” for more detail.
CodeAnalyst Options... Opens the CodeAnalyst Options dialog box. All
of the application level configuration options can
=] be changed. Please see Section 2.3, “ CodeAnalyst

Options’ for more detail.

Configuration Management

Profile configurations determine how perfor-
mance data is collected. Profiles configurations
can be defined by the user or predefined configu-
rations can be selected. For moreinformation, see
Chapter 4, Configure Profile.

View Management

M anage |

A "view" consists of aset of event data and com-
puted performance measurements displayed to-
gether in atable or a graph. Use View Manage-
ment to open the View Configuration dialog box
and to change the contents displayed in the view.
Exchange content from the Available Data list
and the Column shown list. Items in the Column
Shown list appear in the View Management win-
dow. Some views have prerequisites that must be
met before they can be selected from the available
datalist. For more information, see View Config-
urations.

The Manage button opens the view management
dialog for the currently selected view. Please see
Section 7.3, “View Management” for more detail.

Diff Session

Opens the Diff Session Dialog where users can
choose any two sessions in the project to differ-
entiate (diff) datain sessions using the AMD Dif-
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Menu Command / | cons Description
fAnalyst tool. For detailed instructions using the
tool, refer to the included document, AMD Dif-

fAnanlyst for Linux, publication# 45919.

2.2.9. Windows Menu

The Windows menu controls the display attributes of the Data window. These icons become active
once more than one session is open in the work area.

Figure 2.8. Windows Menu

Cascade

Tile

Close All

Show Density charts

« Session - Session.ebp
Session 1- 5ession 1.ebp
Session 2 - 5ession 2.ebp

Session 3 - Session 3.ebp

Menu Command Description

Cascade Displays open windows as overlapping and cas-
cading downward from the upper |eft area of the
work area.

Tile Displays the open windows in a non-overlapping,
tiled fashion.

Close All Closes all open windows.

Session| ] Displays open windows. A check mark indicates

the current window with focus. Each session is
assigned a number and extension to differentiate
between sessions with the same name File exten-
sions further define the file as timer-based (.tbp),
event-based (.ebp), or as a session imported from
OProfile (import.tbp)

2.2.9.1. Cascading Session Panes

When two or more sessions are open, session panes can be cascaded. Following are examples of
cascading panes.

10
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Figure 2.9. Cascading session panes

S| Svsem Grapn [sysem T2

Manage

M Module Name | 64-bit

|CPU clocks & |DC accesses

|DC misses

froot/classic/classic

Sno-vmlinux

JlibGdflibc-2.5.50
JoptiCodefnalyst/binfoprofiled
JusrflibEd/qt-3.3/lib/libgt-mt.s0.3.3.6
Jlib&4/libpthread-2.5.50
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/lib64flibcrypto.so.0.9.8e

Ul rusrsbinghald

! JusrflibEd/libXft.50.2.1.2

y fusrflib&dlibush-0.1.50.4.4.4
Ylusrningaibkde core.s0.4.2.0
YllusrnibEanibavahicore.50.4.0.5

! foptiCodelnalystbin/Codefnalyst
Jlib&d/libresalv-2.5 .50
fusr/sbinysshd

! Jusr/shin/pcscd

! Jusr/shinfirgbalance

! fusrflibed/qt-3.3/plugins/stylesibluecurve. so
fusrflibed/lib¥render.so.1.3.0

: i fusrflib&4/libX11.50.6.2.0
JusrflibE4/libstdc++.50.56.0.8
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2.2.9.2. Tiling Session Panes

When two or more sessions are open, session panes can be tiled for viewing more than one pane at

atime. Following are examples of tiled panes.

11
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Figure 2.10. Tiling session panes

ssion - Session.ebp ¥ Session 1- Session 1.ebp
. .
~ | Al Data b4 Manage © | Al Data v Manage
Systern Data | Systemn Graph | System Tasksl X Systern Data | Systemn Graph | Systemn Tasksl X
~(ll Task Name | 64-bit | CPU clocks
Module Wiew - Session.ebp Jsandbox/CA Lin 27 devipackage/Samples/iclassic 18863
0.00% 98.89% WLA LN 27 _devipackag P <
p fno-vrmlinux r 542
®/CA_Lin_27_dev/package/Samples/classic “lllusriacalibin/CodeAnalyst e 57
TR .fusr.fst.:ln.fsshd r 52
Jusribin/python r 9
Jusrlib64/gt-3.3/lib/libot-mt 50.3.3.6 Justisbin/pescd v 4
Nib&4/libc-2.5.50 Jusr/sbin/sendmail sendmail v 1
JNlib&4/libcrypto.so.0.9.8b Jusr/sbinfirgbalance v 1
/shbin/portmap r 1
Mlib64/libdbus]1.50.3.2.0
Jusrflibe4/libusb-0.1.50.4.4.4
Nib&4/libpthread-2.5.50
L Jlile = A Nl kil A a <
+ 7 »
= ession 3.ebp
. .
- | Al Data - Manage - | Al Data e Manage
lclassic - src - /sandbox/CA_Lin_27_dev/package/Samples/classic.cpp |¢ | )l X Systern Data | Systern Graph | Systern Tasksl X
18077 | Maodule Name ” I|CPU clocks  a |~
/sandbox/CA_Lin_27_dev/package/Samples/classic 19728
/no-vrmlinux 164
fusrllibG4/qt-3.3/lib/libgtmt.so.3.3.6 10
0 _ I:l Nib64/libc-2.5.50 7
58 71 Jib64/libcrypto.so.0.9.8b ] Z
7 Jusr/shin/sshd 5 &
~ Search for Al z i [ustlibB4/libX11.50.6.2.0 4
Address ;IibSﬂMIibIT:,r.wfgd‘-f.i.sol B} i
o usrflocal/bin/CodeAnaly
0x0000000... sh %rb
x - [ustlibB4libXft 50.2.12 1
59 { P P Jusr/lib&4/libpython2.4.50.1.0 1 —
LA b e die i Jusr/bin/xterm 1
<] o | [*] |lnib6anibglib-2.0.50.0.1200.3 1
1 Instruction, 0 samples, 0.00% of total Jusrisbin/pcscd 0 -

2.2.10. Help Menu

The Help menu displays the following.

Figure 2.11. Help menu

About F1

[ System Info

The commands available in the Help menu are:

Menu Command Description

About F1 Displays the application flash screen and the ver-
sion information.

Help Displays the CodeAnalyst User's Manual.

System Info Displays the System Information dialog box and
reports system characteristics such as processor
model, operating system version, memory charac-
teristics, and video resolution.
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2.2.11. Data and Source Display

Beginning with CodeAnalyst 2.6, new user interface elements are available, located above the tabbed
panels. Results are shown in the form of data tables, graphs, and annotated source code. The main
window opens with no data. Once a profile (data collection) configuration has been selected from the
drop-down list and data has been collected, results are displayed. The time-based and event-based
sampling session window each contain three initial tabbed panels:

e System Data
» System Graph
e System Tasks

Additional interface elements are available. A drop-down list of preset views allows quick selection
of anew view. A view is a set of event data and computed performance measurements that display
together in atable or agraph. The All Data view is the default view, which shows al available data
in columns. Each column represents a distinct type of data or a computed performance measurement.
Use the Section 7.3, “View Management” dialog box to change view configurations.

Source code is organized to allow for drilling down at the source level using an expandable tree of
functions. The source for the selected function is displayed while all other functions are hidden. The
source functions are viewed using the + sign and are hidden using the - sign.

2.2.11.1. System Data Tab

The System Data tab lists the modules and sample counts in descending sample count order. For
multiprocessor systems, samples are shown for each processor. The 64-bit column distinguishes if
samples are 32-bit modules or 64-bit modules. The System Graph tab displays a graphical view of
the system data samples.

Double-click on a module name to drill down to a view of the TBP or EBP samples in a specific
module.

Figure 2.12. System Datatab

=
)

Session 4 - Session 4.ebp

All Data - | Manage

'System Datal| System Graph | System Tasks| X

Module Name Task Name |64-bit |CPUclocks & |DC accesses DC misses DTLE L *|
/sandbox/CA_Lin_27_dew/package/Samples/classic 70459 21831 5973
no-vmlinux 906 83
fusrflocal/bin/oprofiled 53
Nib64/libe-2.5 50 55
Jusrlibedfgt-3.3libdibgt-mt.so.3.3.6 43
fusr/shin/sshd 16
fibe4/libcrypto.so.0.9.8b 10
JusrlibE4(libX11.50.6.2.0 5
NibE4/libpthread-2.5 50
fusrflibedlibstdc++.50.6.0.8

NibE4/libnss files-2.5.50
Nibe4/libdbus1.50.3.2.0

NibE4/1d-2.5.50

fusr/shin/sendmail. sendmail
fusr/shin/pcscd
fusr/lib&d/qt-3.3/pluginsistyles/bluecurve.so
Jusrflib&4flibXrender.so.1.3.0
fusrlib&4/libpython2.4.s0.1.0
NibE4/libglib-2.0.50.0.1200.3
fusr/shinfirgbalance

Jusr/shinfautomount

[=]
=
[= =]
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2.2.11.2. System Graph Tab

The System Graph tab provides a visual display of the sample counts per module in a horizontal bar
graph in descending order of sample count. This view provides a quick view of the most processor
intensive modules. Multiprocessor systems can show events for each processor (see following figure)
or acumulative bar for each event. Double-click on amoduleto drill down to the TBP or EBP samples
within the selected module.

Figure 2.13. System Graph tab

-
'
2 All Data - Manage

Systemn Data

| Systern Tasks | m
ad

Module View - Session 4.ebp
0.00% 24.61% 49.2|2% ?3.8|3% 98.13%

/sandbox/CA_Lin_27_dew/package/Samples/classic

/no-vrnlinus

fusrflocal/binfoprofiled

Nib64/libc-2.5.50

fusrflibedigt-3.3/ib/libgt-mt.s0.3.3.6

fibe4libcrypto.so.0.9.8b

Jusrishin/sshd

fusrlib&4/libX11.50.6.2.0

Jlib&4/libpthread-2.5.50

Nib&4/libglib-2.0.50.0.1200.3

4]

2.2.11.3. System Tasks Tab

The System Taskstab displaysthe task name, total samples and percentage, and single (or multi-core)
events. Double-clicking on a module drills down to the TBP or EBP samples within the selected
module. Each column has an up/down arrow for sorting the column in ascending or descending order.
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Figure2.14. System Taskstab

Manage

GiSession 4 - Session 4.ebp

L
-
-
-
-

All Data

System Data | System Graph | System Tasks| [x]
Task Name | 64-bit | CPU clocks DC accesses DC misses DTLBLIML2M | Mis
/sandbox/CA_Lin_27_dev/package/Samples/classic < 70458 21831 5973 16502
mo-vmlinux o« 906 83 40 12
fusrflocalfbinfoprofiled < 93 4] 0 [¥]
jusrflocalibin/CodeAnalyst o 62 0 2

fusr/sbin/sshd < 38 1 1] [¥]
Jusr/shinfpcscd o 9 3 1} 0
fusribin/pythen < 5 1 1 [¥]
fusr/sbin/sendmail.sendmail o« 1 0 1] 0
Jusr/shinfirgbalance o« 1 0 1 0
fusr/shinfautomount « 1 0 0 0
/sbin/portmap o« 0 0 i} 0

I A »

2.2.11.4. Single Module Data Tab

The Single Module Data tab drills down into a single module. It illustrates how the data samples are
distributed within amodule. Like the System Datatab, this view shows the distribution of samples per
processor in a multiprocessor system and between 32-bit and 64-bit modules in a 64-bit system (64-
bit column). The data samples can be expanded and collapsed around the available symbals. Right-
clicking on an address will bring up a choice of viewing the information in a graph view. If debug
information is available, double-clicking on an address navigates to the Source View. If debug infor-
mation is not available, double-clicking on an address navigates to the Assembly View.
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Figure 2.15. Single Module Data tab

ion 4.ebp
g ‘ All Data - | Manage
Systermn Data | Systern Graph | Systern Tasks | fsandbox/CA_Lin_27_dev/package/Samplesiclassic - Data | EL
Al v ‘
CS:EIP |5ymbo| + Offset |64-bit CPU clocks IDC accesses DC misses ID:
Z-i0x400748 multiply_matrices() 70459 21831 5973
.. 024007 7d multiply_matrices()+53 23765 5907 EER
--0x400793 multiply_matrices{)+75 16013 3307 3404
- 0x40079b multiply_matrices|)+583 14083 5191 627
- 0400775 multiply_matrices|)+45 5140 2961 122
- 0x4007a5 multiply_matrices|)+93 2939 1123 172
.. 0x4007c3 multiply_matrices()+123 2123 1508 534 b
- 0x4007b1 multiply_matrices{)+105 2100 252 55 |7
- 0x4007ba multiply_matrices{)+114 2079 413 58
- 0x400787 multiply_matrices{)+&3 2008 1102 208
- 0x4007d3 multiply_matrices|)+13% 178 53 15
.. 0x4007d0 multiply_matrices()+136 7 7 [¥]
- 0400710 multiply_matrices()+168 4 o] o]
- 0x400769 multiply_matrices|)+33 4 1 1
.- 0x4007cT multiply_matrices()+127 3 1 oo
- 04007989 multiply_matrices|)+81 3 2 1
.. 0x4 00764 multiply_matrices|)+28 2 [¥] [¥]
- 0x4007e2 multiply_matrices{)+154 1 o] o]
- 0x4007ce multiply_matrices|)+134 1 [¥] o
.. 0x4007be multiply matrices(i+118 1 3 0 |*]
<] i [+]

2.2.11.5. Single Module Graph Tab

The Single Module Graph tab provides a view of the sample distribution within a single module.
Right-click for a choice to navigate back to the Single Module Data View. If debug information is
available, double-clicking will navigate to the Source View. Otherwise, double-clicking will navigate
to the Assembly View.

Figure 2.16. Single M odule Graph tab

ndebp

-
2 All Data b4 Manage

Systemn Data | Systern Graph | Systern Tasks

andbaﬂCA_Lin_E'."_dew’packagea’SampIesfclassic - Graph X

Al o ‘

E

/sandbox/CA Lin_27 dev.fpackageiSamglesﬂclassic-Session 4 ebp
0.00% 671% ~ T 1343% 2 .lltl% 26.85%

33.5|5% 40.28%

multiply_matrices{)+53

W

multiply_matrices{)+75

multiply_matrices()+83

multiply_matrices()+45

multiply_matrices()+63

multiply_matrices|)+123

multiply_matrices()+93

multiply_matrices()+105

multiply_matrices()+114

¢
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2.2.11.6. Profiling Session Source Tab

The Profiling Session Source tab displays the source with the sample count for each sourceline. The
source line can be expanded or collapsed to show or hide the assembly instructions that are associated
with the source line. Right-click to select copy the selection to a buffer (the clipboard). The infor-
mation may then be pasted into another document.

Figure 2.17. Profiling Session Source tab

hd Manage

fclassic - Data |.fsandbox.l’CA_Lin_2?_dev.fpackage#Samples&’classic - src - fsandbox/CA_Lin_27_dev/package/Samplesiclassic.cpp | + | )l X

|
?1|:

0 , |

58
=
“ Search for. All v Go
Address ILine |50urce Code Bytes CPU clocks IDC accesses [*|
push %%rbp 55
mowv  %arsp,%rbp 48 89 e5
59
60 // Multiply the two matrices
+ 61 foriinti=0;i<ROWS;i++){
+ 62 for{intj=0;]< COLUMNS ;j++) { 4 7
e 63 floatsum = 0.0; 4 “
+ 64 for(intk=0;k< COLUMNS ; k++) { 2127 1
+ £ sum = sum + matrix_a[i][k] * matrix_b[k][j] = 20
86 }
67  matrix_rfi][j] = sum ; | |
68 } Il
4 A [+]
0 Instruction, 0 samples, 0.00% of total

2.2.11.7. Assembly Tab

The Assembly tab displaysthe assembly instructions around an address sel ected from the Single M od-
ule View.

Figure 2.18. Assembly tab

All Data ~| Manage

Sysem Daia | Sysem Graph ‘ Sysem Tasks | Irogiiclassic - Data ] Irootic lassic - asm l
30855 |

0 L I Ll-_ == B .

Instruction

CPU clocks | DC accesses | DC misses

DTLELTM L2M

55 .mulupl_\r_mawicaijl [(F ]
Ox0000000000M00523 4220 5 maov  %rsp,%arbp

0x0000000000400ae6 <7 45 £0 00 00 00 00 mal 00RO G bop)

CxO000000000400Red. &0 ad 00 00 00 jmpq  400bGF <multiply_matrices() +Oxbd >

Ox0000000000400af2 <7 45 £4 00 00 00 00 mavl  FOx0.OxFFFFFFFFFFTA (%6 rbp) mulliply_matrices() + 0x10 (0 1)

0x0000000000400Sf0 29190 00 00 00 jmpq 400bBe <multiply_matrices()+0xac >

OxO000000000400afe B8 00 00 00 00 moy  $00,hemx muliiply_matricesi) + Ox1c (0/2) 3 1

0x0000000000400B03 B0 45 f2 Moy Yeea, AT rbp) 2

CxO00000000CA00R06 7 45 e 00 00 00 00 movl  FOx0,CuFFC (o rbp) D
0x0000000000400E0d. eb 52 jmp  400B51 <mulliply_matrices) +0x7t=

CxO000000C0CAO0ROF  Bb 45 0 mav  CoHFHHTHO G rbp). Yoeax mulliply_matrices() + Ox2d (7 / 2) 3085 724 4 24
Ox0000000000400L12 Bb 55 mav O (% rbp). Yaadx 1055 =3 26 18
0x0000000000400BTS 4298 clig

OxO000000000AN0L17 4863 d2 movslg Yecs Yardx

0x0000000000400b 12 48 63 €0 &8 03 0000 imul $0x3e8,Yarax, % rax 2235 1501 33 ?3@

ol [

1 instructions, Total: O samples, 0.00% of samples in module frootclassic. 0.00% of ofal session samples

17



Features

When selecting multiple instructions on the Assembly tab, AMD CodeAnalyst displays asummary of
the selection in the status bar of the Assembly window.

o7 45 0 00 00 00 00 maon | F0w0, OO Y0 rbp)
20 ad 000000
muliply_matrices() + 010 (07 1)
mulliply_mairices() + Oxlc (07 2)

muliply_mairices() + Ox2d (7 [ 2)

42 63 d2 movslg Yeed:, Y rdx
bla 4283 c0el 03 0000 imul $x3el %rax Yrax 2235

8 insfruclions, Todal: 952G samples, 565 of samples in module frooticlassic, 0.00% of olal session samples

The sample summary is also available for the source level.

Press the Page Up and Page Down to view 200 bytes above or below the highlighted instruction.

Co000000000U00R:G <7 45 0 00 00 00 00 ol 00, Oee PO (Y rbp)
Cx0000000000W00aed 29 ad 00 00 00 jmpq  400B <muliply_maitrices( ) +0xbd =
Cx0000000000M00aT2  oF 45 f4 00 00 00 00 ol B0w0, Oee P (Y rbp) muliply_mafrices() + 0x10 (07 1)

20 o0 00 00 00

_______________ . impg 4008 <muliply mairices()+0xac =
O000O00000400afe B8 00 00 00 00 Copy Selection Cirl+C multiply_matrices() + Cxlc (07 2)
CROO00O000CCMO0B03 B0 45 2 Page up. .. FgUp )

COOO0O00DCCMOOB0E 7 45 fo 00 00 00 00 Page down... P Down

Ce0O0000000CMO000d  =b 52
CeOOO0OO0OCCUOOL0F  Bb 45 f0
CheOOO0O0000CMO0R12  Bb 5 fo
CeOOO0D0000CMOOLTE 42 08 clig

M A7 A8 /3 A2 rmicwsln Yhecdy Yardw

Show p [plI+OxTE>
muliply_maitrices() + 0x2d (7 7 2)

Dest: Ckd00b2e ]

In Disassembly View, each basic block is shown by interleaving different background colors of white
and gray. Users can navigate through code execution paths from one basic block to the previous or the
next basic block. Right-clicking at the beginning of a basic block, opens a menu that lists the source
addresses that are usually the destination address of acontrol transfer instruction in some basic blocks.
Right-click at the end of abasic block to open alist with the destination address of the control transfer
instruction (see previous figure).

2.2.12. Code Density Chart

Selecting " Show code density chart” under Tools > CodeAnalyst Options > Toolbars displays a code
density chart on the Assembly (asm) tab and on the Source View tab. The chart on the asm tab shows
the number of samplesrelative to thelocation within the modul e, function, auser-specified area, or the
currently shown assembly. The chart for the Source View tab shows the number of samplesrelativeto
the source linesin the whole sourcefile, function, adefined region, or the currently shown source. The
initial zoom level is at the function level and can also be shown at module, partial, and current view.

Figure 2.19. Code Density Chart

| Manage

Syskem Data | Sysem Graph | Sysiem Tasks | [rootclassic - Data ],frmtfclasw-asm l

Ox00000000004003 22

30855
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Figure 2.20. A drop-down list provides choicesfor selecting code density.

Function -

Function
Partial
Current

Figure 2.21. An assembly view with Current samples displayed.

| Manage

Sysem Data | Sysem Graph | Sysem Tasks | Jrootic|assic - Data ] Irociiclassic - asm l

30GEE)

|
! t_Ll L.. .. ..

0x 0000000000052

Instruction

muliiply_mairices() (07 1)

4289eb mov  Yarsprop

€7 45 0 00 0000 00 mion | B0, oD% rbp)

8 ad 00 0000 jmpq  400B9F <muliiply_mairices()+0xbd>

7 45 4 00 00 00 00 ol B0, R (% rbp) multiply_marices() + 0x10 @@/ 1)

=090 00 00 00 jmpq  400bBe <muliply_mairices()+0xac=

b2 00 00 00 00 mov B0, Yeeax muliply_mairices() + 0x1c (07 2) 3 1

20452 mov  Yoeax, DxAfHR e rbp) 2

€7 45 fc 000000 00 miow| - P00, e (% rbp) D
eb &2 jmp 400661 =muliiply_mairices()+x7f=

8b 4510 mov  OfFRFFFFFFFFROI% rbp), Saeax multiply_matrices() + 0x2d (7 /2) 3085 724

2b 5 fo mov DA (Y rbp), Yedx 1956 =3

rey-) cliq

4263 d2 movwslg Yoedy Yardx

48169 c0e2 03 00 00 imul  $0x3el Yorax,Yarax 2235 1501 g

1 instructions, To@l: 0 samples, 0.00% of samples in module frootclassic, 0.00% of o session samples

2.2.13. System Data Interface Elements

The GUI provides interface elements on certain session tabs to control the display and use of Task
and the aggregation/separation of data by task.

2.2.14. Displaying Tasks

Task can be shown in the System Dataview. Usethe check box Separate Task in View M anagement
to display or hide task name. A drop-down list also appears to allow faster access to specific task.
Tasks may be selected separately or al tasks may be shown by selecting All.
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Figure 2.22. Displaying Tasks

-
-
; All Data - Manage

Systern Data | Systemn Graph | Systern Tasks | flib64/libc-2.5.50 - Data |

All -
All | + Dffset | 64-bit |CPUclocks | DC accesse
fshinfportmap L 6
Jusrflocal/bin/CodeAnalyst ¥ 5
Jusrflocal/binfoprofiled t 5
Jusr/shinfirgbalance r 5
Jusr/shin/pcscd ot 5
Jusr/shin/sshd 4
}--U:EEE?UBUﬂfED sigprocmask 3
+-0x32e7092680 _nss files_parse_grent 2
{---UxBEE?U?flbe strehr 2
+-0%32e7034310 strtoull_|_internal 2
+-0x32e70dd950 __nss_database_lookup 1
+-0x32eT0cEBY __select_nocancel 1
+-0x32e70bfags __write_nocancel 1
{---UxBEE?UbfldU mkdir 1
Display task name
b | Manage
ystern Graph | Systern Task5| X
Module Name ITask MName |64-bit |CPU clocks DC accesses I&=d
fsandbox/CA_Lin_27_dev/package/Samples/classic /sandbox/CA_Lin_27_dewv/package/Samples/classic o+ 70459 21831
fno-vmlinus fno-vmlinux o =] 83
Jusrflocal/binfoprofiled Jusrflacal/binfoprofiled o« 63 0 2
Jusrflib64/gt-3.3/lib/libgt-mt so.3.3.6 Jusrflocal/bin/Codefnalyst o 43 1]
Mlib6d/libc-2.5.50 Jusrflocal/binfoprofiled o+ 27 1]
Jusr'sbin/sshd Jusrishin/sshd o 16 11 |
Jibed/libec-2.5 50 Jusrishin/sshd o 12 1]
Jib&d/libcrypto.so.0.9.8b Jusrishin/sshd o 10 1]
Mlib6d/libc-2.5.50 Jusrishin/pcscd o+ g 3
Jlib&dlibc-2.5 50 fusrflocal/bin/CodeAnalyst o T [i]
Jusrllibe4ibX1l.50.6.2.0 Jusrilocal/bin/Codelnalyst o 5 1]
Jusrflib6&/libstdc++.50.6.0.8 Jusrflocal/bin/Codefnalyst o 2 1]
Jlib6d/libpthread-2.5.50 lusrflocal/bin/Codednalyst o+ 2 1]
Jlib&4/libnss files-2.5.50 fusrflocal/binfoprofiled o 2 [i] )
Jibed/libdbusl.s0.3.2.0 Jusrbin/python o 2 0]+
(<] | bl

2.2.15. Session Settings

The Session Settings dialog box sets and supports changes to the session parameters. Please see Sec-
tion 2.7, “ Session Settings’ for more detail.
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Figure 2.23. Session Settings

Wscsnsorn =

Setting Templates Template Name |Session2 |

Session
Sessionl

Session2

General |Advance | Mote |

Launch Control

Duplicate
Launch |".frootl'classicklassic“ " Browse
Rename

Delete Working directory ‘jrooﬁclassic v ‘ Browse
[] Terminate app when stop profile [] Enable CPU Affinity I:I Select Affinity
|:| Show app in terminal |:| Enable Process Filtering Adwvance Filter

Profile Contraol

Profile duration (sec) Profile start delay (sec) l:l

D Stop profile when the app exits D Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

Current event-based profile - | Edit

Event « Count Mask Name
0x0076 1000000 0x00 CPU clocks not halted {cycles)
0x00c0 500000 0x00 Retired instructions

Remove

2.2.16. Edit Event Configuration

The Edit button islocated in two dialog boxes:
» Session Settings
 Configuration Management

Clicking Edit opens the "Edit Event Configuration" dialog box. For details on using the dialog box,
read Section 4.3, “Edit Event-based and I nstruction-based Sampling Configuration”.
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Figure 2.24. Edit event configuration

Frofile Name: | Assess performance - | Manage Profiles
Perf Counter | IBS Fetch | IBS Op | Import | Info |
Please select event from the list below :
Event |5::urce |Name =]
0x0000 FP Dispatched FPU ops g
0x0001 FP Cycles in which the FPU is Empty L
0x0002 FP Dispatched fast flag FPU operations
0x0003 FP Retired SSE Ops | |
0x0004 FP Retired move ops
Add Events
Events in this profile configuration : Event Setting
Event |5::urce |Count |Unitmas|U5r |C|5 |Name Count |
0x0040 DiC 250000  0x00 1 1 Data cache accesses Unit Masks [ Options
0x0041 DC 25000 0x00 1 1 Data cache misses [] Reserved
0x0046 oC 25000 0x07 1 1 L1CTLE and L2 DTLE miss
0x0047  DC 25000 0x00 1 1 Misaligned accesses [ Reserved
0x0076& FR 250000  0x00 1 1 CPU clocks not halted {cyc... |:| RBeserved
0x00cO FR 250000  0x00 1 1 Retired instructions D Reserved
Ox00c2 FR 25000 0x00 1 1 Retired branch instructions T
0x00c3 FR 25000  0x00 1 1 PRetired mispredicted bran... D Reserved
] reserved
[] Reserved
[] Reserved
[J usr
Apply Setting
Multiplezing interval {msec) Remowve Event [Jos
Selected Events | Description |
Save As Save Ok

2.2.17. View Management Dialog Box

The Section 7.3, “View Management” dialog box allows customization of views. After performance
datais collected (or imported), it is managed as a pool of available performance data. A CodeAnalyst
view specifies the kinds of data to be displayed. This feature allows users to choose and focus on
performance information that is the most relevant to the issue under investigation. For further expla-
nation, refer to Chapter 7, View Configuration

There are two types of View Management dialog: methods:

Local View Management Dialog is opened by clicking the M anage button M dis
played in an open session window.

I
Global View Management Dialog is opened by selecting the Views icon ﬂ from the toolbar
or from the T ools menu.

For details using this dialog box, go to Section 7.3, “View Management”
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Figure 2.25. Global View M anagement

. Global View Management ﬁ

Platform name: ECF‘U Family 0x10 * | View name: | Branch assessment

Description

Use this wiew to find code with a high branch density and poorly predicted branches.

Columns
Available data Columns shown
- Retinst:0
Ret branch:0
<— Ret misp branch:0
Branch rate:0
Mispredict rate:0
Mispredict ratio: 0 |E|
Options
[] separate CPUs [] separate Tasks [] Show Percentage
Reset Current View Save to File Cancel

2.2.18. Configuration Management Dialog Box

Performance data collection is controlled by profile configurations. A profile configuration specifies
basic run control parameters, types of data to collect, and how data is to be collected. Certain con-
figurations can be "managed" by the user to create new profile configurations. Specifications for ba-
sic run control, types of data collected, and how data is to be collected are determined through the
configuration's profile. Predefined profile configurations and user-defined profile configurations are
found in the Configuration Management dialog box or in the toolbar list of profile configurations.

Configuration management allows for customizing existing profiles and for creating new ones. Con-
figurations for both profiles and views are stored in files when CodeAnalyst is not running. Saving
in this manner allows for easy sharing of files. Each user-created configuration is permanently stored
as an file until it isremoved by using the Remove button. See Section 4.5, “Manage Profile Config-
urations’ for additional details.

Use the Configuration icon [i&] to open the dialog box.

2.2.18.1. Current-Type Profiles

Theprofileconfiguration list containsthree " Current” configurations (Current time-based profile, Cur-
rent event-based profile, Current instruction-based profile). These configurations are considered as
appropriate starting points for customization. See Section 4.5, “Manage Profile Configurations’ for
detailed information.
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Figure 2.26. Configuration management

. Configuration Management Iﬁ

Profile canfiguration list
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Current event-based profile
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IES Op Branch
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Investigate L2 cache access
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Rename
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2.2.19. CodeAnalyst Options Dialog Box

The CodeAnalyst options dialog box has tabs for setting the following options.

» Generd—Use to assign types of source code displayed, module enumeration, and hot keys.
* Directories—Select various director

» Oprofile—Select Oprofile plugin and Oprofile parameters

For details on using this dialog box, to to Section 2.3, “ CodeAnalyst Options”.
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Figure 2.27. CodeAnalyst Options

B oo, S =

General | Direciories

Source Code Display

By pass Source [ Disassembly Only)
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DCata Aggregation
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IE:I Aggregake samples into insance of inline funciion.
I:::I Aggregake samples into original inline funciion

[:' Aggregake samples ino basic blocks

Show Dat Aggregation Confroller in Module Data Tab Toolbar

Apply ik Cancel

2.2.20. Manage Colors

Specific colors are assigned to the bars in graphs to designated processors and events. The color key
islocated at the bottom of the System Graph tab. The following example shows the color key, event-
based profile. Right-click in this area to open the list of samples.
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Figure 2.28. Managing System Graph colors

hd | Manage

Systern Tasks |

[»

Jusribin/pythan - [ python |

Jusrfsbinfautomount - [ automount ]

/shin/portmap - [ portmap |

Jusrflocal/bin/CodeAnalyst - [ CodeAnalyst ]

I I I ]
0.00% 24.61% 49.22% T3.83% 98.43%

CPU clocks not halted tcycles::o. Data cache a'ccesses:n.
Data cache misses:U. L1 DTLE missand L2 DTLB miss:U.
Misaligned accesseszo. Retired branch instructions:ﬂ. —

s

Retired Instructions:UD Retired mispredicted branch instructions:[).

<]

Right-click on abox in the color key to obtain a pop-up menu. Select Manage Colors from the menu
in order to change the color. A color selection drop-down list displays

" Data cache éffé%ses:u. o

2 DTLE miss:U.

v 1-33 instructinns:u.

Retired mispredicted branch instructinns:u.

L Please select the graph colors

The drop-down list contains the names of the events or processorsin the graph. Choose a name from
the list and click the color block to change the color for a particular graph element. Following is an
examplelist.

CPU clocks

CPU clocks
OC accesses o Cancel

DC misses

DTLE LIM L2M
Misalign access
Ret branch
Retinst

Ret misp branch

Double-click on the color bar to the right of the list to open the color palette.
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Basic colors
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EEEENC D]

Define Custom Colors ==

Custormn colors

o] 4 Cancel Add to Custom Colors

2.2.21. Profiling Java Applications

2.3.

Profiling of Java applications is supported. A session is created to hold the performance data. Users
can view the samples at the function, source, or assembly level. IBM and Sun versions of the Java
Virtual Machine (JVM) are supported.

To profile Java applications, choose Tools > Project Options. The Project Options dialog box dis-
plays.

To launch the Java application from within AMD CodeAnalyst:
1. Typethe path in the Working Directory and Launch App fields on the General tab.

2. The Java command line has to include -agentpath:/usr/local/bin/libCAJVMTIA.so. This aso
appliesto any Java applications that are run outside AMD CodeAnalyst.

For example,
"Jusr/bin/java" -agentpath:/usr/local/bin/libCAJVMTIA.so examplel

where examplel.classisin your working directory.

CodeAnalyst Options

CodeAnalyst options controls how AMD CodeAnalyst displays profile data and its toolbar and how
it finds source and debug information. These options are persistent and are effective across projects
and sessions. They affect the CodeAnalyst application as awhole.
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CodeAnalyst options are changed using the CodeA nalyst Options dialog box. The dialog box contains
following tabs:

* Section 2.3.1, “ General Tab”

» Section 2.3.2, “Directories Tab"

Open the CodeAnalyst Options dialog box by clicking the CodeAnalyst Options icon @ in the
toolbar. Or you may open the CodeAnalyst Options dialog box by selecting Tools > CodeAnalyst
Options from the pull-down menu.

2.3.1. General Tab

The General tab controls the display of source code and disassembler instructions.
CodeAnalyst follows the usual Windows conventions for accepting or canceling changes to options.

Clicking the Apply button activatesthe new options. Clicking the OK button activatesthe new options
and closes the dialog box. Clicking the Cancel button closesthe dialog box without applying changes.

Figure 2.29. CodeAnalyst Options

W oo, I

General | Direciories

Source Code Display
By pass Source [Disassembly Only)

|:| Alertwhen no source is available

Fonl Size | Defaull «

DCata Aggregation

Defaull Aggregation Mode

IE:I Aggregake samples ino insance of inline funciion.
[:' Aggregake samples into original inline funciion

[:' Aggregake samples ino basic blocks

Show Dat Aggregation Confroller in Module Data Tab Toolbar

Apply ik Cancel
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2.3.1.1. Source Code Display

If the Bypass Sour ce (Disassembly Only) check box is selected, double-clicking a sample address
in a module opens the Assembly View. Selecting the Alert when no source is available check box
displays an alert message when CodeAnalyst cannot find the source for amodule.

2.3.1.2. Data Aggregation

CodeAnalyst allows three different methods for aggregate data. Two modes are specifically designed
to help analysis of in-line functions:

» Aggregate samplesinto instance of in-line function
This is the default aggregation mode. When samples belong to an in-line instance, CodeAnalyst

aggregates them into the caller function and uses blue text to identify the in-line instance together
with in-line function name.

Figure 2.30. Aggregate samplesinto instance of in-line function

. Advanced Micro Devices - Cadelnalyst [/reot/AMD/Codefnalyst/testinline/testInline.caw] - [Sessic... l =|s(E] &

W File Profile Tocls Windows Help EE"EHI
@ =y B @ @ o o | Current time-based profile v |
testinline.caw Z | All Data - | Manage

=-TBP Sessions

L.Session Systern Data | Systern Graph | Systern Tasks | Jrooticlassicfinlined_classic - Data .

L..EBP Sessions

| All - | Aggregate samples into instance of inline function| » |

CS:EIP Basic Block : ( Load [ Store ) CPU clocks & I
S-0x400950 main 19593:
- 0x4009e8 main -= multiply_matrices 19550
Ox4009ec main -= multiply_matrices + Ox4 5838
0x4009ef main -= multiply_matrices + 0x7 5636
0x400913 main -= multiply_matrices + Oxb 5568
0x4009fe main -= multiply_matrices + 0xl6 892
0x400a03 main -= multiply_matrices + Ox1b 647
0x400a07 main -= multiply_matrices + 0x1f 553
0x4009e8 main -= multiply_matrices + 0x0 271
0x400917 main -= multiply_matrices + Oxf 229
0x400a0c main -= multiply_matrices + 0x24 156
- 0x4009c9 main + 0x79 2
- Ox4009db main + 0x8b 1
—-0x4008b0 initialize_matrices{) 5]
- (x4 00908 initialize_matrices() + 0x58 4
- 0x400921 initialize_matrices() + 0x71 1
- Qw4 0081 initialize_matrices() + 0xdf 1
- (x4 00628 Unknown Sample 1

L+

Sampling Session |dle. ||

» Aggregate samplesinto origina in-line function

When samples belong to an in-line instance, CodeAnalyst aggregates them into each in-line in-
stance. CodeAnalyst groups all in-line instances and lists them together under the in-line function,
which is presented in red text.
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Figure 2.31. Aggregate samplesinto original in-line function
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Sampling Session |dle. |
| _ -

» Aggregate samplesinto basic blocks

This mode of aggregation is designed to aid basic block analysis (BBA). CodeAnayst examines
each function to identify basic blocks and aggregates samples accordingly. Each basic block is
denoted by range of address asfollowing: [ StartAddr, StopAddr ) : ( Number of load / Number
of store).
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Figure 2.32. Aggregate samplesinto basic blocks
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2.3.2. Directories Tab

This tab alows the specification of directory paths to help CodeAnalyst find the information that it
needs for analysis. An additional search path for finding source can be specified in the Source File
Search Pathsfield.
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2.4. Event Counter Multiplexing

The number of performance counters in AMD processors is often limited to a small number (i.e. 4
counters in most of processor families). The number of performance events allowed in a profiling
session is limited by this hardware constrain. For instance, only four events could be measured per
run. A minimum of two runs was needed to collect all data for five or more events. Event counter
multiplexing removes this burden.

Event multiplexing is accomplished by re-programming the performance counters with the next set
of events when atimer interrups is generated by the driver. The interval between each timer can be
specified inthe"Edit EBS/IBS Profile Configuration™ dialog box. (See Section 4.3, “ Edit Event-based
and Instruction-based Sampling Configuration” for more information)

2.4.1. Example of Event Counter Multiplexing

Inthe Edit Event Configuration dialog (see Section 4.3, “ Edit Event-based and | nstruction-based Sam-
pling Configuration”), select the predefined profile configuration " Assess performance” .
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Figure 2.33. Assess Performance Configuration (with 1 msec MUX Interval)

Events in this profile configuration : Event Setting
Event |Source |Count Unitmas| Usr |05 |MName Count
0x0040 DC 250000  0x00 1 1 Data cache accesses Unit Masks / Options
0x0041 DC 25000  0x0Q0 1 1 Data cache misses [] Reserved
0x0046 DC 25000 0x07 1 1 LIDTLB and L2 DTLE miss
0x0047 DC 25000  0x00 1 1 Misaligned accesses D Reserved
0x0076 FR 250000 0x00 1 1 CPU clocks not halted (cyc... |:| Reserved
0x00c0 FR 250000 0Ox00 1 1 Retired instructions [] Reserved
0x00c2 FR 25000 0x00 1 1 Retired branch instructions )
0x00c3 FR 25000  0x00 1 1 Retired mispredicted bran... D Reserved

[] Reserved

[] Rreserved

] Reserved

[] Usr
Apply Setting
Multiplexing interval {msec) 1| | Bemove Event D Os
Selected E|.ren15| Description |

This profile configuration uses event counter multiplexing to measure eight performance events with
one millisecond multiplexing interval. Let us assuming the number of performance counters on the
running processor is four. When data collection is started with this event configuration, CodeAnalyst
separates the eventsinto two groups - (Group A: 0x40, 0x41, 0x46, 0x47) and (Group B: 0x76, 0xcO,
0xc2, 0xc3). In this scenario, CodeAnalyst samples eventsin Group A for the one millisecond before
reprograming the hardware to samples eventsin Group B for the same duration. This process repeats
and continues until the sampling session ends according to the run control criteria set in the "Session
Settings' dialog box.

Please ensure run time islong enough to build up a statistically accurate picture of program behavior.
Lengthening the duration of the data collection period may be necessary to increase the number of
samples taken.

2.5. Importing Profile Data into CodeAnalyst

AMD CodeAnalyst can import profile datainto aproject. Typicaly, thisfeaturesis used when profile
data is collected using the Oprofile command line utility and you would like to review and analyse
profile datathrough the GUI. Datamay be from atime-based profiling, event-based profiling, Instruc-
tion-Based Sampling session, EBP/TBPfiles, or opreport XML file. The datato be imported must be
generated by Oprofile command linetool. A new sessioniscreated for the data. Thissectionillustrates
the process of importing.

1. Collect profile data using the Oprofile. Please refer to Oprofile documentation [http://
oprofile.sourceforge.net/docs] on how to collect profile data. After profiling session, profile data
isusually stored in /var/lib/oprofile/samples/current/ directory.

2. Select the" Import..." menuitem from the " File" menu.
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| Import...
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3. An Import Wizard dialog box appears. Codeanalyst can import four types of profile data:
» Remote Profiling: In this mode, the profile data from a remote system can be packaged into a
compressed tarball which is generated by a script called capackage.sh. Then, CodeAnalyst can
import the packaged file for analysis. (Advande User only)

» Local Profile: Inthis mode, the profile datais generated on the local machine.

» TBP/EBP File: TBP/EBP files store profile data for each CodeAnalyst session. This can be
import into different CodeAnalyst project.

» Opreport's XML File: Opreport is an OProfile's commandline utility for viewing profile data
in tabulate style. It can also export datainto an XML file.




Features
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| Choose Import Type

Import Options

@ Import Local Profile fromm Oprofile Sample Files [ Recommended )

D Import Remote Profile from capackage.sh Output | Recommended )

O Import Codefnalyst TEP / EBP Files | CA session file )

() Opreport XML Output File

< Back Next = Finish Cancel

2.5.1. Import Local Profiling

If you choose L ocal Profiling and click Next, the wizard will prompt you to enter the location where
profiling datais stored. The default location is/var/lib/opr ofile/samples/current/. Then click Finish.
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Figure 2.34. Import Wizard

e =)

| Choose Import path
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Default
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< Back Next = Finish Cancel

CodeAnalyst creates a new session for the imported data (Session import). The GUI displays the
imported data in the System Data, System Graph and System Tasks tabs. Users can also choose to
import profile data of any particular processes and the dependent modules by specifying the full-path
of each binary and using Advance Filter.
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1. Right click on the session name for the imported data.

2. CodeAnalyst displaysapop-up, contextual menu. Select Rename from the pop-up menu to rename
the session.

= 7 7

my_project.caw

e

All Data

Systern Data | Systemn Gri

Module Name

E----TBF‘ Sessions
Z-EBP Sessions
g----Sessiun

Properties

Copy configuration to current

Rename nfapro
Create Diff Session _ibqt-rr
3.50
Wiew C55 in kcachegrind 9 ge
Delete s0.6.0

| | ||fu5rf5binf55hd

3. A dialog box appears asking for the new session name. Enter the new session namein thetext field.
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-
. Enter new name for the session ﬁ

Rename Session 'Session - Import .

Imy_session]| |

oK Cancel

CodeAnalyst changes the name of the session in the session management area of the workspace.
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Sampling Session ldle. |

2.5.2. Import Remote Profiling

When graphical-user-interface is not available on the system, users can generate profile using " op-
control" command-line tool (Please see Section 2.8, “ CodeAnalyst and OProfile”). Oncefinished, the
profiling information can be transferred to another system and viewed by CodeAnalyst GUI. Code-
Analyst provides atool called capackage.sh. It gathersinformation necessary for analyzing a session
of profiling, and compressthem into an easily managed tarball (capacked.tar.gz) Thistarball canthen
be transfer onto another system and imported into CodeAnalyst GUI.

If you choose Remote Profiling and click Next,

38



Features

L=

| Choose Import Type

Import Options

D Import Local Profile fromm Oprofile Sample Files [ Recommended )

@ Import Remote Profile from capackage.sh Output | Recommended )

O Import Codefnalyst TEP / EBP Files | CA session file )

() Opreport XML Output File

< Back Next = Finish Cancel

e )

The wizard prompts the user to enter the location of the tarball capacked.tar.gz output from
capackage.sh.
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Mirportwian (U e

Choose packaged tar.gzfile

Packaged file: |froot/capackaged.tar.gz

< Back Next = Finish Cancel

Once completed, click Finish and CodeAnalyst will untar capacked.tar.gz into the /tmp/CAXXXxxx/
capacked/ directory, which contains the following sub-directories:

* binary—Stores the executable and modules used in profiling.
* current—StoresOprofile samples.
» Java—Storesinformation related to Java profiling.

Then the importing process continues as described in Section 2.5.1, “ Import Local Profiling”.

2.5.3. Import TBP / EBP Files

TBP and EBP files are generated by CodeAnalyst to store profiling data of each session. Importing
profile sessions by TBP/EBP files allows users to easily move around profiling session onto different
system for viewing because the fileisrelatively much smaller than the capackage.tar.gz file required
by normal remote profiling. In this case, datais already processed and does not require an additional
data processing step, which can take several minutes. However, session properties are not available
in this case.
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| Choose Import Type

Import Options

() Opreport XML Output File

@ Import Codefnalyst TEP / EBP Files | CA session file )

' D Import Local Profile fromm Oprofile Sample Files [ Recommended )

D Import Remote Profile from capackage.sh Output | Recommended )

< Back

Finish

Cancel

—*ﬁ

TBP and EBPfiles are generally stored in the project directory. When using the Import Java Profile
session, the full-path to the JIT directory must also be specified inthe JIT Directory field.
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. Import Wizard — M

Choose EERTEF file

EBR/TEF File Path

EBR/TEPfile is @ CodeAnalyst profile session file. It is generated as a result of each profile session, and
stared in the project directory.

{i.e. /fhomefusers/AMD/CodelAnalyst'project dirfsession dirfsession file )
froot/AMD/Codefnalystimy_project/]ava Session.ebp.dinlava Session.ebp

Java Profile

(® Import Java Profile

|IT Directory |froot/AMD/CodelAnalystimy_project|ava Session.ebp.dirfjit/
< Back Next Finish Cancel

2.5.4. Import Opreport's XML Output Files
2.6. Exporting Profile Data from CodeAnalyst

AMD CodeAnalyst can export profile datafrom atable (such asthe System Datatab or Processes tab)
or source view. The datais exported as afile containing comma separated values (CSV.) This section
illustrates the process of exporting datato a.CSV file.

1. With an open project and session, click the System Data tab and select the Export System Data...
item from the File menu.

2. With an open project and session, select the Export System Data... item from the File menu.

3. Select or enter the name of the .CSV fileto which the datafrom the System Datatab isto bewritten.
4. Click the Save button. The datais converted to CSV format and is written to thefile.

5. Launch a spreadsheet program like Microsoft Excel or OpenOffice.org Calc.

6. Import the .CSV file into the spreadsheet.
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Figure 2.35. Select " Export System Data"

EiIE Profile  Tools Windows Help

[£] New Ctrl+N
[y Open Ctri+0
B save Cirl+5

Close Cirl+W

it Ctri+Q

frootfAMDCodeAnalystitest classictest classic.caw
frootfAMODYCodeAnalystitest classisftest classic.caw
rootiaMD/Codednalyst/CodeAnalyst.caw
froot/AMOYCodeAnalystitest CAftest classic.caw
frootfAMDCodeAnalystitest CAftest Numajtest Numa.caw

Figure 2.36. Specify output CSV file
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Figure 2.37. Import CSV into a spreadsheet
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2.7. Session Settings

The " Session Settings' specify information that is needed to control performance data collection.
Session Settings are persistent and apply to future data collection sessions that are initiated within a
project until the Session Settings are again changed.




Features

Figure 2.38. Session Settings Dialog
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Setting Ternplates Template Name |Session2 |
Sessi
ess?on General |Advance | Mote |
Sessionl

Session2

Launch Control

Duplicate

Launch |".frootl'classicklassic“ " Browse
Rename
Delete Working directory ‘jrooﬁclassic v ‘ Browse

[] Terminate app when stop profile  [] Enable CPU Affinity I:I

["] Show app in terminal [] Enable Process Filtering

Profile Contraol

Profile duration (sec) Profile start delay (sec) l:l
D Stop profile when the app exits D Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

Current event-based profile - | Edit

Event « Count Mask Name
0x0076 1000000 0x00 CPU clocks not halted {cycles)
0x00c0 500000 0x00 Retired instructions
| Save | ‘ Dk | ‘ Cancel ‘

2.7.1. Setting Templates

Once users finish configuring a data collection session, settings can be stored as a " setting template”.
The currently selected template will be used to configure future data collection sessions. Stored tem-
plates are listed in the "Setting Templates* field. When template selection changes, the dialog will
re-populate each field with the settings previously stored. The template provides convenience when
performing multiple data collection with different settings.

Right click on the selected template to show options to "Rename", create "Duplicate”, or "Delete"
each template. Renaming the current template can also be done simply by modifying the "Template
Name" field and click "Save"' or "Ok" button. Click the "Remove" button to remove the currently
selected templ ate.

NOTE that the modified template must be saved by clicking the " Save" or "Ok" button before selecting
another template.

2.7.2. General Tab
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Figure 2.39. Session Settings Dialog: General Tab
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Session
Sessionl
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|:| Profile the duration of the app execution

Profile Configuration

Current event-based profile - | Edit

Event « Count Mask Name
0x0076 1000000 0x00 CPU clocks not halted [cycles)
0x00c0 500000 0x00 Retired instructions

Rermove

2.7.2.1. Template Name

Thisis aname that is assigned to the session. If the session name is not changed, CodeAnalyst will
auto-generate new session names by appending a number to the end of the base session name.

2.7.2.2. Launch Control

2.7.2.2.1. Launch and Working directory

» Launch - Users can specify the application program to launch in the Launch field. Enter the path
to the executable program to be launched. You may also enter the path to a shell script file to be
started instead of an executable program. You may also leave this field blank in order to perform
system-wide data collection when overall system monitoring is required.

» Working Directory - is the working directory for the application to be launched. Enter the path to
the working directory in thisfield.

In addition to directly entering path namesinto the "Launch" and "Working directory” fields, you may
browse to the desired location by clicking the appropriate "Browse" button. Each field also offers a
drop-down list of the most recently used path names. The drop-down lists retain the last 10 application
paths and the last 10 working directory paths, respectively.

2.7.2.2.2. Options

* Terminate the app after the profile - terminates the application at the completion of the profile
sampling duration.
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» Show appinterminal - Runthetarget applicationinaterminal. Thisoptionsallowsusersto access
stdin/stdout/stderr from the command-line.

» Enable CPU Affinity - specifies the list of CPUs allowed to run the target application. (See Sec-
tion 2.7.6, “ Changing the CPU Affinity”)

» Enable Process Filter - filters out processes during data processing unless specified in " Advance
Filter" . (See Section 2.7.7, “Process Filter")

2.7.2.3. Profile Control

» Stop data collection when the app exits - terminates the sampling process if the application ter-
minates. This option is convenient when profiling small applications or if the shutdown sequenceis
desired in the profile. Selecting this option enables the (s) Profile Duration option that sets up the
profile run-time in seconds. (Profiling large applications over a long time period with this option
could create very large profile datafiles.)

» Profile the duration of the app execution - alows profiling to continue as long as the specified
application is running. When this option is selected, the (s) Profile duration option is disabled and
no specific profiling time limit is needed.

* Profileduration (sec) - setsthe profile sampling duration in seconds.

» Start with profiling paused - This option is included for times when using the profiler API to
programmatically control the Pause and Resume functionality.

» Start delay (sec) - setsthe time in seconds of delaying the profile sampling after the target appli-
cation is launched.

2.7.2.4. Profile Configuration

Thisisthekind of analysisto be performed. Choose a predefined profile configuration from the drop-
down list. After selecting a profile configuration, performance events along with the count and unit-
mask settingswill be showninthelist. Please see Chapter 4, Configure Profile and Section 4.5, “Man-
age Profile Configurations’ for more detail.

Click the " Edit" button to edit the selected profile configuration. However, predefined profile con-
figurations cannot be changed unless saved as a new name.

2.7.3. Advance Tab
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Figure 2.40. Session Settings Dialog: Advance Tab
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2.7.3.1. Enable vmlinux

This settting allows users to specify the kernel image used for kernel and kernel modules profiling.
Uncheck this setting to profile without the kernel image. The option equals "no-vmlinux" option in
Oprofile. Check this setting to specify the vmlinux file. If vmlinux is compressed, uncompressit first.
Please note that thisis not "vmlinuz" file.

2.7.3.2. OProfiled Buffer Configuration

» Event Buffer Watershed Size - Set kernel buffer watershed to num samples (2.6 only). When it'll
remain only buffer-size - buffer-watershed free entry in the kernel buffer data will be flushed to
daemon, most useful values arein therange [0.25 - 0.5] * buffer-size.

» Event Buffer Size - Number of samplesin kernel buffer. When using a 2.6 kernel buffer watershed
needs to be tweaked when changing this value.

e CPU Buffer Size- Number of samplesin kernel per-cpu buffer (2.6 only). If you profile at highrate
it can help to increase this, if the log file shows excessive count of samplelost cpu buffer overflow.

2.7.3.3. Enable Call Stack Sampling (CSS)

NOTE: Thisfeature requires a specialized OProfile daemon and OProfile kernel module not available
publicly at the moment.

» Call Stack Depth - specify the maximum depth of call stack unwinding
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» Cdl Stack Unwinding Interval - specify the frequency of stack unwinding (i.e. perform stack un-
winding every 1000 samples.)

» TGID for CSS - Users can specify the TGID to use for CSSinstead of using TGID of the launched

target application. Note that if you select "Use TGID of the launched target application”, the
"Launch" field must be specified.

2.7.4. Note Tab

Figure 2.41. Session Settings Dialog: Note Tab
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Thistab contains afield where users can specify profile session note.

2.7.5. OProfiled Log
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2.7.6.

Figure 2.42. Session Settings Dialog: OProfiled Log Tab (Property Mode Only)
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This tab contains the information from /var/ 1 i b/ oprofil e/ sanpl es/ oprofil ed. | og.
Thisis available only in property mode of the Session Setting dialog.

Changing the CPU Affinity

CPU affinity limits the execution of a program or process to selected cores in a multicore system.
CPU affinity is set through a CPU affinity mask in which each bit of the mask specifies whether
the program or process may execute upon a particular core. The number of available coresis system
dependent. CPU affinity can be used to perform scalability analysis by limiting the number of cores
available to a multi-threaded program.

CPU dffinity is defined in the CodeAnalyst Session Settings dialog box. The CPU affinity mask can
be specified directly as a hexadecimal value in the CPU affinity mask field as shown in the screen
shot below. The CPU affinity mask determines the CPU affinity for the application program that is
launched by CodeAnalyst.
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It may be more convenient to set CPU affinity using the "Select Affinity" button located to the right
of the CPU affinity mask field.

To change the CPU affinity:

1. Open the Session Settings dialog box.

2. Click the "Select Affinity" button.

3. The CPU Affinity Configuration dialog box appears.

4. Check abox to enable execution on a core.

5. Click the Select All button to check all boxes, enabling execution on all cores.
6. Click the Clear All button remove checks from al boxes.

7. Click the OK button to activate the CPU affinity settings.
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-
[l cPu Affinity Configuration ﬁ
Please select CPU affinity :
had
SocketO
Core 0 Core 1 Core 2 Core 3
Socket
Care 0 Care 1 Core 2 Core 3
| |
&
o
Socket 2
Core 0 Core 1 Core 2 Core 3
Socket 3
Core 0 Core 1 Core 2 Core 3
v
Select All Clear All oK Cancel

The CPU affinity configuration below limits execution of the application program under test toasingle
CPU (Core 1.)
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-
Bl CPU Affinity Configuration S|
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The Session Settings dialog box below reflects the change to the CPU affinity mask (0x2.)
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When CodeAnayst launches the application program / r oot / cl assi ¢ using the CPU affinity
mask, execution is restricted to core 1. The following screen shot shows that execution was indeed
limited to core 1 since al timer samples for classic are attributed to core 1 and no samples were col-
lected for classic on any other core.
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2.7.7. Process Filter

When the checkbox Apply Process Filter is selected, CodeAnalyst will filter out all other processes
except the ones being specified in Launch. Users can also specify alist of processes to be included
in post-processing using the Advance Filter.

Figure 2.43. Process Filter Dialog

& Process Filter Dialog

Please specify processss 1o be included in data processing.

Processes

frooliclassic

Note that a profile is collected for all processes system-wide. However, only the profile specified
in the Advance Filter is being processed. This can aso help reduce the post-processing wait time in
some cases. The following figure shows a profiling session with process filter enabled. Here, only /
root/classicand/|ib64/1ibc-2.4.so areshown since application "classic" depends on
the standard "libc" library.
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2.8. CodeAnalyst and OProfile

2.8.1.

CodeAnalyst leverages a third-party profiling tool called OProfile [http://oprofile.sourceforge.net/
news/]. CodeAnalyst provides graphical user inteface which communicates with Oprofile kernel mod-
ule and Oprofile daemon in order to collect profile data. OProfile also provides command-line utilities
for CodeAnalyst. CodeAnalyst is designed to work with original OProfile which is often available on
several Linux distributions. CodeAnalyst also provide a modified OProfile kernel module, daemon,
and utilities which include additional features and supports for latest AMD processors.

Opcontr ol isacommand-linetool from OProfile used to control aprofiling session. It allows usersto
configure, start, and stop data collection. Users can invoke opcontrol from within a script, which is
useful when thetask requires multiple profileruns. To seethelist of command line options, ssimply run
opcontrol --help at command prompt. To identify the CodeAnalyst provided version of "opcontrol”
tool, simply run opcontrol --version.

The profiling results from opcontrol can be imported into the CodeAnalyst Graphical User Interface
(GUI) for analysis. A CodeAnalyst project must be created to import and view performance data that
was collected using the command line utility. Please see Section 2.5, “Importing Profile Data into
CodeAnalyst” for more information.

Profiling with OProfile Command-Line Utilities

The command line switches to opcontrol set up and control performance data collection. Analysis
often concentrates on the performance of a particular program. The ability to control profiling from
a command file offers considerable flexibility when writing test scripts. Specific test cases can be
encapsulated into individual script files. The following is an example of how to use opcontrol in a
script:
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Figure 2.44. Command line switchesto opcontrol
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2.8.1.1. Time-Based Profiling

Time-based profiling works by collecting samples at specified time intervals. Over a period of time,
the samples collected can show which blocks of code use the most processor time. See Section 3.2,
“Time-Based Profiling Analysis’ for further information.

Thetimer interval determines how often a TBP sampleistaken . On Linux, Time-based profiling uses
event CPU_CLK_UNHALTED (performance counter event 0x76) which represents the amount of
running time of a processor i.e. CPU isnot in a halted state. This event alows system idle timeto be
automatically factored out from IPC (or CPl) measurements, providing the OS halts the CPU when
going idle. The time representation (in seconds or millisecond) can be calculated from the processor
clock speed. For instance, on a processor running at clock speed 800MHz, to specify 1 millisecond
timeinterval of time-based profiling using the opcontrol tool, we input

opcontrol --event=CPU_CLK_UNHALTED:800000::1:1

2.8.1.2. Event-Based Profiling

Event-based profiling works by using performance counters in the processor to count the number of
times a specific processor event occurs. When the specified counter threshold of an event is reached,
Oprofile collects asample from the processor. Up to four events can be profiled in agiven session,and

57



Features

each event can be assigned a different counter threshold. EBP requires an APIC-enabled system. See
Section 3.3, “Event-Based Profiling Analysis’ for further information.

To successfully use EBP, the user needs to consult the performance monitor event tables. See the sec-
tion on Section 9.1, “ Performance Monitoring Events (PME)” or the" BIOSand Kernel Developer's
Guide (BKDG)" for the AMD processor in your test platform. For a general description of how to
use these performance monitoring features, refer to the AMD®64 Architecture Programmer's Manual,
Volume 2, order# 24593, "Debug and Performance Resources" section.

The Event Select, Unit Mask and Event Count (sampling period) must be specified for each event to be
measured. The Oprofile utility accepts event specificationsthat are formatted in the following manner:

[OPROFILE_EVENT_NAME]:[Count]:[Unit mask]:[Kernel]:[User]

* [OPROFILE_EVENT_NAME] specifies the name of event to be profiled.

[Unit Mask] isatwo digit, hexadecimal value which specifies the Unit Mask value for the event.

* [Count] isadecimal number that specifies the Event Count (sampling period.)

[Kernel] 0 or 1 to specify kernel-space profiling.

[User] 0 or 1 to specify user-space profiling.

A complete list of events can be viewed using command opcontrol -I.
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Figure 2.45. Listing events: opcontrol -|
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Consider, for example, the DCache Refill From L2 or System event which can be used to measure
only refills from system memory through the use of a Unit Mask that qualifies the event. The Event
name is"DATA_CACHE_REFILLS FROM_L2 OR_NORTHBRIDGE" and a Unit Mask value of
0x01 measures only refills from system memory. Using an Event Count of 25,000, the full opcontrol
event specification is:

opcontrol \
-eDATA_CACHE_REFILLS FROM_L2 OR_NORTHBRIDGE:25000:0x1:1:1

The Retired Instructions event (Event Select 0xOC0) does not require a Unit Mask. Using an Event
Count of 250,000, the full opcontrol event specificationis:

opcontrol --event=RETIRED_INSTRUCTIONS:250000::1:1

The Event Count field of the event specification determines how many timesthe event isto be counted
before an EBP sampleis collected. Thisfield isimportant because some events happen so frequently
that the processing of the samples becomes very slow or collecting the samples can cause the system
to stop responding. This latter scenario may occur if the specified Event Count is too small for an
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event. For example, event 0x4000 (DCache Access) happens quite frequently, so specifying a count
of 10000 will generate a significant number of samples during anormal 5-second profiling session. It
is advisable to specify alarge count number when profiling an event for the first time, and allow for
later adjustments of the count to get more statistically useful data.

Thefollowing example command measuresthe Data Cache A ccesses event (Event Select 0x040) using
an Event Count of 100,000:

opcontrol \

--event=DATA_CACHE_ACCESSES:100000::1:1

The user is alowed to specify up to four events on the command line. For example, to specify events
DATA_CACHE_ACCESSES and RETIRED_INSTRUCTIONS in the same session with reasonable
counts, enter the following command:

opcontrol \

--event=DATA_CACHE_ACCESSES:100000::1: 1\
--event=RETIRED_INSTRUCTIONS:25000::1:1

After profiling has begun, oprofile prints out the confirmation messages and returns to command
prompt. To stop, the profiling session, simply run opcontrol with the corresponded option flags as
listed in opcontrol --help.

2.8.1.3. Instruction-Based Sampling

Instruction-Based Sampling collects performance data on instruction fetch (IBS fetch sampling) and
macro-op execution (IBS op sampling.) IBS fetch sampling provides information about instruction
cache (IC), instruction trand ation lookaside buffer (ITLB) behavior, and other aspects of the process
of fetching instructions. IBS op sampling provides information about the execution of macro-ops that
are issued from AMDG64 instructions. IBS op data is wide-ranging and covers branch and memory
access operations. See Section 3.4, “Instruction-Based Sampling Analysis’ for more information.

IBS fetch sampling and IBS op sampling are controlled by the specifying

opcontr ol --event=<IBS-Fetch-event-name>: <Fetch-count>:<Fetch-option-mask>:1:1
or

opcontrol --event=<IBS-Op-event-name>:<Op-count>:<Op-option-mask>:1:1

The count takes a single decimal value which is the fetch/op interval (sampling period) for IBS fetch/
op sampling. The IBS fetch sampling counts completed fetches to determine the next fetch operation
to monitor and sample. The IBS op sampling counts processor cycles to determine the next macro-
op to monitor and sample. IBS fetch and op sampling may be enabled independently, or at the same
time. For instance,

opcontrol \
--event=IBS FETCH_ALL:250000:0:1:1\
--event=IBS_OP_ALL:250000:0:1:1

Please see opcontrol --list for list of available IBS-derived events and option mask. Also see Sec-
tion 9.3, “Instruction-Based Sampling Derived Events’ for description of IBS-derived events.

NOTE: All IBS-Fetch events must have same counts and option-mask. The rule also appliesfor IBS-
op events.

60



Features

2.8.2. Importing and Viewing Profile Data

2.8.3.

Profiles taken by using the command line utility can be imported into a CodeAnalyst project. With
default configuration, opcontrol creates profilesin/ var/1i b/ oprofil e/ sanpl es/ current
directory. It contains the samples collected by Oprofile daemon.

The profile data can be imported into the CodeAnalyst GUI for further review and interpretation. Pro-
file data are imported into a CodeAnalyst project. See Section 8.3, “Tutorial - Creating a CodeAnalyst
Project” in order to create a project. The section Section 2.5, “Importing Profile Data into CodeAna-
lyst” illustrates the process of importing profile data.

OProfile Daemon/Driver Monitoring Tool

Figure 2.46. OProfile Daemon/Driver Monitoring Tool

OProfile Daemon Information | Value

farflibfoprofileflock (pid) 13363
Command Line foptiCodednalyst'binffoprofiled—session-dir=frar/lib/oprofile—separate-lib-
File Descriptor Count 5

Last Dump Timestamp Fri Feb 5 17:36:58 2010

1 2 B

OProfile Driver Monitor

Driver Info | Driver Stats | CPU Stats | IBS Config | PMC Config

Manitor Value

Driver Enabled 1
CPU type x86-64familyl0
Buffer Size 4194304
Buffer Watershed Size 131072
CPU Buffer Size 32768
Backtrace Depth 0
Backtrace Interval MiA
Backtrace Tgid A
Backtrace Bitness M4

Multiplexing Interval

1

CodeAnal syt provides a utility to monitor OProfile daemon and driver activities. The tool accesses
informationin/ dev/ oprofil e/ and/var /Il i b/ oprofil e/ directories, then present statistics
in realtime. Thistool helps provide insight into data collection subsystem. The tool isadock window
which can be moved around the main window or pulled out as a stand-alone dialog.
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Chapter 3. Types of Analysis
3.1. Types of Analysis

AMD CodeAnalyst provides several types of analysis. Each kind of analysis provides information
about certain aspects of program behavior and performance. The following sections provide details
about the kinds of analysis provided by AMD CodeAnalyst:

» Section 3.2, “Time-Based Profiling Analysis’

 Section 3.3, “Event-Based Profiling Analysis’

* Section 3.4, “Instruction-Based Sampling Analysis’

» Section 3.5, “Basic Block Analysis’

» Section 3.6, “In-Line Analysis’

» Section 3.7, “Session Diff Analysis’

Time-based, Event-based, and Instruction-based sampling(IBS) analysisrequire different typesof pro-
file data collecting at run-time. The section on time-based profiling has tips that apply to the other
forms of analysis that use statistical sampling (EBP and IBS).

Thebasic-block and in-line analysis are static analysiswhich inspects binary modules and allows users
to better analyze the compiler generated assembly code by identifying basic-block and inlineinstance.

The Session Diff Analysisallow usersto visualy compare any two profiling session at modules, func-
tions, and assembly level.

3.2. Time-Based Profiling Analysis

Time-based profiling (TBP) identifies the hot-spots in a program that are consuming the most time.
Hot-spots are good candidates for further investigation and optimization.

Time-based profiling is system-wide, so a hot-spot can be identified anywhere in the system, not
just an application under test. Any software component (an executable image, dynamically loaded
library, device driver, or even the operating system kernel) that executes during the measurement
period may be sampled. System-wide data collection conveniently handles applications consisting of
parallel processes without any special configuration.
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Figure 3.1. Time spent in each software module (TBP)
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CodeAnalyst reports performance results in one or more tabsin the workspace. Results are broken out
and summarized by module, process, function, source line, or instruction.

Figure 3.2. Time spent in each function within an application (TBP)
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CodeAnalyst supportsdrill-down to source lines and instructions. Source-level presentation of perfor-
mance results requires symbolic (debug) information. See Section 1.1.1, “Preparing an Application
for Profiling”.
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Figure 3.3. Time spent at sour ce-level hot-spot (TBP)
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3.2.1. How Time-Based Profiling Works

Time-based profiling uses statistical sampling to collect and build a program profile. CodeAnalyst
handles all of the details and mechanics of collecting and building a profile. However, smple knowl-
edge of the TBP sampling process s helpful.

When time-based profiling is enabled and started, CodeAnalyst configures a timer that periodically
interrupts the program executing on a processor core. When a timer interrupt occurs, a sample is
created and saved for post-processing by the CodeAnalyst GUI. Post-processing builds up akind of
histogram, which is a profile of what the system and its software components were doing. The most
time-consuming parts of a program will have the most samples because, most likely, the program is
executing in those regions when atimer interrupt is generated and a sampleis taken.

On CodeAnalyst Linux, Time-based profiling uses event CPU_CLK_UNHALTED (performance
counter event 0x76) which represents the amount of running time of a processor i.e. CPU isnotin a
halted state. This event alows system idle time to be automatically factored out from IPC (or CPI)
measurements, providing the OS halts the CPU when going idle. The time representation (in seconds
or millisecond) can be cal culated from the processor clock speed. For instance, on a processor running
at clock speed 800MHz, to specify 1 millisecond timeinterval of time-based profiling.

3.2.2. Sampling Period and Measurement Period

Because TBP relies upon statistical sampling, collecting enough samples to reason about program
behavior is important. The number of TBP samples collected during an experimental run depends
upon:

» How frequently samples are taken (the sampling period), and
» Thelength of the time during which samples are taken (the measurement period.)

The freguency of sample taking is controlled by the timer interval. This quantity is sometimes called
the "sampling period." The default timer interval is 1 millisecond, meaning that a TBP sampleistaken
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on a processor core approximately every one millisecond of wall clock-time. The timer interval can
be changed by editing the Current time-based profile profile configuration. With the default timer
interval, roughly 1,000 TBP samples are taken per second for each processor core.

With a shortened interval time, samples are taken more often and more samples are taken within a
given, fixed-length measurement period. However, the amount of effort expended to take samples
(known as over head) will increase, placing the test system under a higher load. The process of tak-
ing samples and the overhead have an intrusive effect that perturbs the test workload and may bias
statistical results.

Asto the second factor—the length of time during which samples are taken—samples accumul ate for
aslong as data is collected. The measurement period depends upon the overall execution time of the
workload and the way in which CodeAnalyst data collection is configured. Using either the Session
Settings or command line utility options, CodeAnalyst can be configured to collect samplesfor all or
part of the time that the test workload executes. If program run-time is short (less than 15 seconds),
it may be necessary to increase program run-time by using alarger data set or more loop iterations to
obtain a statistically useful result. Extending the duration of the measurement period by changing the
Session Settings or options to the CodeAnalyst command line utility may need to be done.

Deciding how many samples are enough requires judgment and aworking knowledge about the char-
acteristics of the workload under test. Scientific applications often have tight inner loops that are exe-
cuted several times. In these situations, samples accumulate rapidly within the inner loops and even a
fairly short run-timeyields a statistically useful number of samples. Other workloads, like transaction
processing, have few intense inner loops and the profiles are relatively "flat." For flat workloads, a
longer measurement period is required to build up samplesin code regions of interest.

Predefined Profile Configurations

CodeAnalyst provides predefined profile configur ations to make configuration of time-based profil-
ing and other kinds of analysis convenient. The predefine configuration for time-based profiling is
called "Time-based profile." CodeAnalyst also provides a configuration named "Current time-based
profile" where the timer interval (sampling period) can be changed.

3.3. Event-Based Profiling Analysis

Event-based profiling (EBP) helpsidentify the root cause for CPU- and memory-related performance
issues. EBP uses the performance monitoring hardware in AMD processors to count the number of
occurrences of hardware events. Thekind and frequency of these events may indicate the presence of a
pipeline bottleneck, poor memory access pattern, poorly predicted conditional branches, or some other
performance issue. Once hot-spots are found through time-based profiling, EBP is used to follow-up
and investigate the hot-spots in order to identify and exploit opportunities for optimization.
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Figure 3.4. Retired instructions, DC accesses and misses per software module
(EBP)
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Figure 3.5. Retired instructions, DC accesses and misses for source-level hot-
spot (EBP)
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AMD processors are equi pped with performance monitoring counters (PM C). Each counter may count
exactly one hardware event at atime. A hardware event is a condition (or change in hardware condi-
tion) like CPU clocks, retired x86 instructions, data cache accesses, or data cache misses. The number
of counters and the hardware events that can be measured are processor-dependent. The CodeAnalyst
online help providesaquick guideto the eventsthat are available for each AMD processor family. See
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“Performance Monitoring Events (PME)” for descriptions of the events supported by AMD proces-
sors. However, you should consult the BIOS and K ernel Developer's Guide for the AMD processor
in your test platform for the latest information. The number of events and, in some cases, the event
behavior may vary by revision within a processor family as well.

How Event-Based Profiling Works

Like time-based profiling, event-based profiling relies upon statistical sampling to build a program
profile. CodeAnalyst handles the details of PMC configuration and sampling. However, thefollowing
short description of how CodeAnalyst performs event-based profiling may help to understand how to
use CodeAnalyst more effectively. Each counter must be configured with:

» An event to be measured (specified by event select and unit mask values,
» An event count (sampling period),

 Choice of OS-space sampling, user-space sampling, or both, and
 Choice of edge- or level-detect.

Some AMD processor families support additional configuration parameters and CodeAnalyst offers
these parameters when they are supported on the test platform. Once a PMC has been configured
and sampling is started, the counter counts the event to be measured until the event count (sampling
period) is reached. At that time, an interrupt generates and an EBP sample taken. The EBP sample
contains a timestamp, the kind of event that triggered the interrupt, the identifier of the process that
was interrupted, and the instruction pointer where the program will restart after the return from the
sampling interrupt. CodeAnalyst uses this data along with information from the executable images,
debug information, and source code to accumulate and display a profile for each executing software
component (process, module, function, source line, or instruction.)

Sampling Period and Measurement Period

Since EBP is a statistical method, it also depends upon a statistically significant quantity of samples
in order to support reasoning about program behavior. As discussed in Section 3.2, “Time-Based
Profiling Analysis’, the number of samples collected depends upon the sampling period (the event
count parameter) and the measurement period (the length of time during which samples are collected).
The number of samples collected can beincreased by using asmaller sampling period or by increasing
the length of time that samples are taken.

Use of a smaller sampling period increases data collection overhead. Since data collection must be
performed on the same platform as the test workload, more frequent sampling increases the intrusive-
ness of event-based profiling and the sampling process adversely affects shared hardware resources
like instruction and data caches, trandation lookaside buffers and branch history tables. Extremely
small sampling periods may al so cause system instability. Start off conservatively and slowly decrease
the sampling period for an event until the appropriate volume of samplesis generated.

An additional complicating factor when choosing the sampling period for an event is the behavior of
theworkload itself. Some workloads are CPU-intensive while other workloads are memory-intensive.
Some workloads may be CPU-intensive and require high memory bandwidth to stream data into the
CPU. For example, a CPU-intensive application that performs few memory access operations will
causerelatively few data-cache miss events simply because it does not access memory very often. The
characteristics of the workload may even vary by phase where the phase setting up a computation has
a different behavior from the computation phase itself. Thus, the workload behavior determines the
frequency of certain kinds of events and changes to the sample period may be necessary in practice.

Event Multiplexing

As mentioned earlier, the number of available performance counters is processor-dependent. AMD
Family 10h processors, for example, provide four performance counters. The number of available

67



Types of Analysis

3.3.4.

performance counters determines the number of events that can be measured together at one time.
Ordinarily, this would limit the number of events that can be measured in a single experimental run.
However, CodeAnalyst for Linux®, allows users to set more than four performance counters within
aprofiling session. See Section 2.4, “Event Counter Multiplexing” for further details.

NOTE: The semantic for Event Multiplexing used in CodeAnalyst for Linux is different from the
onein Windows.

Predefined Profile Configurations

To make the process of configuration easier, CodeAnalyst provides several predefined profile con-
figurations in which the choice of events and sampling periods have already been made. These pre-
defined profile configurations are:

» Assess performance

* Investigate data access

* Investigate instruction access

Investigate L2 cache access

Investigate branching

CodeAnalyst also provides a configuration named " Current event-based profile" that allows choosing
your own events to measure, change sampling periods (event counts), and change other EBP config-
uration parameters. See Section 4.4, “ Predefined Profile Configurations’ for more information.

3.4. Instruction-Based Sampling Analysis

Instruction-Based Sampling (1BS) uses a hardware sampling technique to generate event information
whichissimilar to that produced by Section 3.3, “ Event-Based Profiling Analysis’ Instruction-Based
Sampling can be used to identify and diagnose performanceissuesin program hot-spots. |BS hasthese
advantages:

» Events are precisely attributed to the instructions that caused the events.
 |IBS produces awealth of event datain asingle test run.
» Latency is measured for key performance factors such as data cache miss latency.

The information provided through Instruction-Based Sampling covers the most common kinds of in-
formation needed for program performance analysis. Event-based profiling, however, offers a wider
range of eventsthat can be monitored, such as events related to HyperTransport™ links.

The processor pipeline stages can be categorized into two main phases—instruction fetch and execu-
tion. Each instruction fetch operation produces ablock of instruction datathat is passed to the decoder
stages in the pipeline. The decoder identifies AMD®64 instructions in the fetch block. These AMD64
instructions are trandlated to one or more macro-operations, called "macro-ops' or "ops," that are ex-
ecuted in the execution phase.
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Figure 3.6. IBS op samplesfor each software module
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Figure 3.7. Attribution of IBS op samplesto source-level hot-spot

. Advanced Micro Devices - Codefinalyst [/root/AMD/CodeAnalyst/test_classic/test_classic.caw] - [Session - Session.ebp] E@Iﬂw
_— - = -
M File Profile Jools Windows Help EaRIES]

7 7 Z
g @ E EZ g @ o °||IESOpLoad-Store v
test classic.caw é Al Data - DT |
-TBP Sessions
System Data | System Graph | Systern Tasks | Jrootfclassic/classic - Data | ..ftlassic/classic - src - frootftlassic/classic.cpp .
1 session é Search for: |A|I v | Go “
Address |Line |saurce | Cod|IBS Ioad/store | 1BS DC miss| 1BS DC load lat | IBS load [
5 59inline void multiply_matrices ()
0x400592 push Srbp
0x400593 mov srep, %rbp 4..
60 {
61 J/ Multiply the two matrices
2; 62 for i(int i = 0 : i < ROWS : i+...
| 63 for (int j = 0 ; j < COLUMNS ; j+... 1
64 float sum = 0.0 ; 1
65 for (int kK = 0 ; k < C... 2051 3 87 7
(13 sum = sum + matrix... 7980 218 4898 7
67 ] ol
68 matriz r[i]1[{] = sum ;: E] 2
69 }
70 }
71}
72 —
73woid nrint elansed time () hd
L |[«] A | [+]
Mol 0 Instruction

sampling Session Idle. |

Instruction-Based Sampling provides separate means to sampl e fetch operations and macro-ops since
the fetch and execution phases of the pipeline treat these entities separately. IBS fetch sampling and
IBS op sampling may be enabled and collected separately, or both may be enabled and collected
together.

3.4.1. IBS Fetch Sampling

IBSfetch sampling isastatistical sampling method. |BS fetch sampling counts completed fetch opera-
tions. When the number of completed fetch operations reaches the maximum fetch count (the sampling
period), IBS tags the fetch operation and monitors that operation until it either completes or aborts.

69



Types of Analysis

3.4.2.

When atagged fetch completes or aborts, a sampling interrupt is generated and an IBS fetch sampleis
taken. An IBS fetch sample contains atimestamp, the identifier of the interrupted process, the virtual
fetch address, and severa event flags and values that described what happened during the fetch oper-
ation. Liketime-based profiling and event-based profiling, CodeAnalyst usesthe IBS sample dataand
information from the executable images, debug information, and source to build an profile IBS for
software components executing on the system. (Instruction-Based Sampling is aso system-wide.)

The event data reported in an IBS sampleincludes:
e Whether the fetch completed or aborted,

» Whether addresstranglationinitially missed in the level one (L 1) or level two (L2) instruction trans-
lation lookaside buffer (ITLB),

» Thepagesizeof the L1 ITLB addresstrandation (4K, 2M),
» Whether the fetch initially missed in the instruction cache (1C), and

» Thefetch latency (number of processor cycles from when the fetch was initiated to when the fetch
completed or aborted).

Event-based profiling would require several different countersin order to collect as much information
as|BS. Further, the fetch address precisely identifies the fetch operation associated with the hardware
events.

The IBS fetch address may be the address of afetch block, the target of abranch, or the address of an
instruction that is the fall-through of a conditional branch. A fetch block does not always start with a
complete valid AMD®64 instruction. This situation occurs when an AM D64 instruction straddles two
fetch blocks. In this case, CodeAnalyst associates the IBS fetch sample with the AMDG64 instruction
in thefirst (preceding) fetch block.

The terms "killed," "attempted," "completed,” and "aborted" refer to specific hardware conditions. A
fetch operation may be abandoned before it delivers data to the decoder. A fetch may be abandoned
due to a control flow redirection, and it may be abandoned at any time during the fetch process. A
fetch abandoned beforeinitial accessto the I TLB (before address translation) is not regarded as useful
for analysis. These early abandoned fetches are called killed fetches. CodeAnalyst filters out killed
fetches. Thefetch operationsremaining after killed fetchesare eliminated are called attempted fetches
since these fetches represent valid attempts to obtain instruction data.

A completed fetch is an attempted fetch that successfully delivered instruction data to the decoder.
An aborted fetch is an attempted fetch that did not complete.

Note: Instruction fetch is an aggressive, speculative activity and even instruction data produced by a
completed fetch may not be used.

IBS Op Sampling

IBS op sampling selects, tags, and monitors macro-ops as issued from AMDG64 instructions. Two
options are available for selecting ops for sampling.

» Cycles-based selection counts CPU clock cycles. The op istagged and monitored when the count
reaches a threshold (the sampling period) and avalid op is available.

 Dispatched op-based selection counts dispatched macro-ops. When the count reaches a threshold,
the next valid op is tagged and monitored.

* In both cases, an IBS sample is generated only if the tagged op retires. Thus, IBS op event infor-
mation does not measure specul ative execution activity.
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The execution stages of the pipeline monitor the tagged macro-op. When the tagged macro-op retires, a
sampling interrupt isgenerated and an |BS op sampleistaken. An IBS op sample containsatimestamp,
the identifier of the interrupted process, the virtual address of the AMD®64 instruction from which the
op was issued, and several event flags and values that describe what happened when the macro-op
executed. CodeAnalyst uses this and other information to build an IBS profile.

3.4.2.1. Bias in Cycles-Based IBS Op Sampling

A cycles-based selection generally produces more IBS samples than dispatched op-based selections.
However, the statistical distribution of IBS op samples collected with a cycles-based selection may
be affected by pipeline stalls and other time-dependent hardware behavior. The statistical biasis due
to stalls at the decoding stage of the pipeline. If a macro-op is not available for tagging when the
maximum op count isreached, the hardware skipsthe opportunity to tag amacro-op and startscounting
again from a small, pseudo-random initial count.

From a practical perspective, the distribution of cycles-based IBS op samples may not be uniform
across instructions with the same execution frequency (i.e., across instructions within the same basic
block). The statistical distribution of IBS op samples collected with dispatched op-based selection is
generally more uniform across instructions with the same execution frequency. Thisis a useful prop-
erty in practice asIBS op statistics can be more readily used to make comparisons between instruction
behavior. The dispatched op-based selection isthe preferred collection mode and should be used
when available.

Note: The cycles-based selection is supported on al IBS-capable AMD processors. The dispatched
op-based selection is a newer IBS feature and is not supported on al IBS-capable AMD processors

and is only available in AMD Family 10h processors, revision 4 and beyond. Refer to the relevant
version of the AMD BIOS and kernel developer's guide for support details.

3.4.2.2. IBS Op Data

IBS op sampling reports awide range of event data. The following values are reported for all ops:
» Thevirtual address of the parent AMD®64 instruction from which the tagged op was issued,

» The tag-to-retire time (the number of processor cycles from when the op was tagged to when the
op retired), and

» Thecompletion-to-retiretime (the number of processor cyclesfrom when the op completed to when
the op wasrretired.)

Attribution of event information is precise becausethe | BS hardware reportsthe address of the AMD64
instruction causing the events. For example, branch mispredicts are attributed exactly to the branch
that mispredicted and cache misses are attributed exactly to the AMD®64 instruction that caused the
cache miss. IBS makesiit easier to identify the instructions which are performance cul prits.

Some ops implement branch semantics. Branches include unconditional and conditional branches,
subroutine calls and subroutine returns. Event information reported for branch ops include:

» Whether the branch was mispredicted and

» Whether the branch was taken,

IBS also indicates whether a branch operation was a subroutine return and if the return was mispre-
dicted. Some ops may perform aload (memory read), store (memory write), or aload and a store to
the same memory address, as in the case of a read-op-write sequence. When an op performs a load

and/or store, event information includes:

» Whether aload was performed,
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3.4.3.

3.4.4.

» Whether a store was performed,

* Whether address trandation initially missed in the L1 and/or L2 data trandation lookaside buffer
(DTLB),

» Whether the load or storeinitially missed in the data cache (DC),

» Thevirtual data address for the memory operation, and

» The DC miss latency when aload misses the DC.

Requests made through the Northbridge produce additional event information:

* Whether the access was local or remote and

» Thedata source that fulfilled the request.

A full list of IBS op event information appears in the section on IBS events. Hardware-level details

can be found in the BIOS and Kernel Developer's Guide (BKDG) for the AMD processor in your
test platform.

IBS-Derived Events

CodeAnalyst translates the IBS information produced by the hardware into derived event sample
counts that resemble EBP sample counts. All IBS-derived events have "IBS" in the event name and
abbreviation. Although IBS-derived events and sample counts ook similar to EBP events and sample
counts, the source and sampling basis for the IBS event information are quite different. Arithmetic
should never be performed between IBS derived event sample counts and EBP event sample counts.
It is not meaningful to directly compare the number of samples taken for events which represent the
same hardware condition. For example, fewer IBS DC miss samples is not necessarily "better" than
alarger quantity of EBP DC miss samples.

See Section 9.3, “Instruction-Based Sampling Derived Events’ for descriptions of the IBS derived
events.

Predefined Profile Configurations

AMD CodeAnalyst provides a predefined profile configuration called "Instruction-based sampling”
which collects both IBS fetch and IBS op samples. It also provides the configuration named " Current
Instruction-based profile " which can be changed and customized.

3.5. Basic Block Analysis

Basic block is a section of code that represents a serialized execution path that does not contain any
type of control transfer instruction (i.e. jump or call). A basic block usually beginswith the destination
of asingle or multiple control transfer instructions and ending with a control transfer instruction.

In the Module Data view, users can aggregate data by using basic block aggregation of samples. This
mode of aggregation is enabled by selecting the " Aggr egate samples into basic blocks' option in
the " CodeAnalyst Options' dialog. CodeAnalyst examines each function to identify basic blocks
and aggregates samples accordingly. Each basic block is denoted by a range of addresses using the
format " [StartAddr, StopAddr ) : (Number of Load / Number of store)" . Thedialog also displays
the number of load and store instructions within the basic block on the disassembly view tab.
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Figure 3.8. CodeAnalyst Options
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Figure 3.9. Module data view of basic block aggregation
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In Disassembly View, each basic block is shown by interleaving different background colors of white
and gray. Users can navigate through code execution path from one basic block to the previous or to
the next basic block.

Right-click at the beginning of a basic block and the pop-up menu lists the source addresses that are
usually the destination address of a control transfer instruction in some basic blocks.

Right-click at the end of a basic block and the pop-up menu lists the destination address of the control
transfer instruction (see following image).

Figure 3.10. Basic block information in Disassembly View
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Figure 3.11. Basic block pop-up menu
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3.6. In-Line Analysis

CodeAnalyst provides two modes to help analyze in-line functions.

3.6.1. Aggregate samples into in-line instance

This is the default aggregation mode. Inline instance typically resides in the caller function. When
samples belong to an in-line instance, CodeAnalyst aggregates them into the caller function and uses
blue text to identify the in-line instance together with in-line function name. In the examplein the pre-
viousimage, multiply_matricesisan in-line function called by main. This mode aggregates samples
belonging to the instance of multiply_matrices as part of main.
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Figure 3.12. Aggregate into in-lineinstance
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3.6.2. Aggregate samples into original in-line function

When samples belong to an inline instance, CodeAnalyst aggregates them into each inline instance.
CodeAnalyst groups all inline instances and lists them together under the inline function which is
presented in red text. In figure above, the inline function multiply_matrices has one inline instance
in function main.
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Figure 3.13. Aggregateinto in-line function
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3.7. Session Diff Analysis

The AMD DiffAnalyst tool isaprofile comparison (diff) tool that compares any two profiles, collected
using theAMD CodeAnalyst tool. The AMD DiffAnalyst tool isdistributed as part of the CodeAnalyst
performance analyst and tuning suite. AMD DiffAnalyst is designed to help identify performance
differences of any two binaries (i.e., executables or libraries). Users can compare performance data
starting from the module level all the way down into each function and disassembly instruction. Please
see AMD DiffAnalyst for Linux®, order# 45919, for more detail.

CodeAnalyst provides an interface to DiffAnalyst that allows users to differentiate (diff) any two
sessions from the current project. Users can open diff session dialog by:

Use the toolbar icon , or
» Usethe menu bar and select Tools > Create Diff Session, or

 Select the option, right-click, and from the menu select any session listed in the project navigation
pane.
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Use the following stepsto create a diff session:
1. Inthe New Diff Session dialog, select from the list of available sessionsin the current project.
2. Select two binariesto "diff" from the lists of Available Tasks and Available Modules.

3. Once hinaries are selected, select Create Diff Session. The AMD CodeAnalyst tool invokes the
AMD DiffAnalyst application with the selected configuration (see following example).

Figure 3.14. New Diff Session Dialog
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Figure 3.15. An example of the active AMD DiffAnalyst application.
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4.1. Profile Data Collection

Profile configurations control the kind of performance datathat is collected during a session. Code-
Analyst provides severa Section 4.4, “ Predefined Profile Configurations” that support the most com-
mon kinds of performance analysis. Profile configurations eliminate the tedium of configuring data
collection by hand for each session.

To quickly change to a different profile configuration, select the profile configuration from the drop-
down list of program configurations in the toolbar.

. Advanced Micro Devices - Codelnalyst [,f'rootfﬁ\MD,-"CodeﬂnaIystfm}r_prcrjectfm},r_project.caw]I. =R X

File  Profile Tools Windows Help

@ =y B @ @ o o Assess performance w

my project.caw Z Assess performance
= Current event-based profile
Current instruction-based profile |
Current time-based profile
|IBS Op Branch
|IBS Op Load-Store
|IBS Op Load-Store (expert)
|IBS Op Load-Store DC Miss
|IBS Op Load-Store DTLE
IBS Op Load-Store Memory Access |«

i TBP Sessions
! L..EBP Sessions

Sampling Session Idle. ||

To select aprofile configuration via Session Settings:

1
Open the Session Settings dialog box by clicking the session settings button in the toolbar,

or by selecting Tools > Session Settings from the menu bar.

2. Select one of the profile configurations from the drop-down list of profile configurations in the
Session Settings dialog box.
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‘ Save ‘ ‘ Ok ‘ ‘ Cancel ‘

4.1.1. Modifying a Profile Configuration

The predefined profile configurations should provide starting points for program analysis. However,
eventually it is necessary to change either the kind of data collected (such as the specific events col-
lected through event-based profiling), the sampling period, or some other aspect of data collection.
Custom profile configurations can be created, modified and saved through Configuration Manage-
ment. See Section 4.5, “Manage Profile Configurations” for further details.

4.2. Edit Timer Configuration

The Current time-based profile configuration opens a dialog box for changing:
» The profile configuration name.

» Thetimer interval that determines how often samples are taken.
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Figure4.1. Edit timer configuration
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oK Cancel
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4.3. Edit Event-based and Instruction-based
Sampling Configuration

This section discusses how to configure event-based and instruction-based sampling profile. The"Edit
EBS/IBS Profile Configuration” dialog box allowsfor changing aprofile configuration that uses event-
based sampling and/or instruction-based sampling for data collection. This dialog corresponds to the
dialog box opened by using the" Edit" button displayedin” Session Settings" dialog box. Thisdialog
box allows for defining performance events to be measured.

It isimportant to understand the difference between event-based sampling and instruction-based sam-
pling asthey use different data collection techniques and different performance monitoring hardware.
For moretechnical detail about event-based Sampling and instruction-based Sampling, please see Sec-
tion 3.3, “Event-Based Profiling Analysis’ and Section 3.4, “Instruction-Based Sampling Analysis’.

AMD processors can measure awide range of event types. These events are described in more detail
in the section Section 9.1, “Performance Monitoring Events (PME)”. Consult the" BIOS and K er nel
Developer's Guide" (BKDG) for the AMD processor in your test platform for in-depth information
about the performance monitoring eventsthat it supports, including any processor revision-by-revision
differences. For IBS-derived events, please see Section 9.3, “Instruction-Based Sampling Derived
Events’
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Figure4.2. Edit EBS/IBS configuration
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[] Reserved
[ wsr
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Save As Save Ok

4.3.1. Profile Name

Thisdrop-down menu showsthe name of currently selected profile configuration for editing. Changing
selection will re-popul ate settings with the newly selected configuration. Once changes are madeto the
current configuration, users must click "Ok™ or "Save" to store changes to the current configuration,
or "Save As' to store changes as a new configuration.

Note that the pre-defined configurations cannot be modified, but users can save the changes as a new
user-defined configuration. Users can manage the list of configurations by clicking the "Manage Pro-
files* button which will bring up the " Configuration Management" dialog (See Section 4.5, “Manage
Profile Configurations” for more info).
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4.3.2. Select and Modify Events in Profile Configura-
tion

4.3.2.1. Selected Events Tab

Figure 4.3. Edit EBS/IBS configuration: Selected Events Tab

Events in this profile configuration : Event Setting
Event Source | Count Unitmas| Usr | Os | Name Count |25000
0x0040 DC 250000 O0=x00 1 1 Datacache accesses Unit Masks
0x0041 DC 25000 0x00 1 1 Data cache misses 4K TLE reload
0x0046 DC 25000 Ox07 1 1 LIDTLE and L2 DTLE miss
0x0047  DC 25000 0x00 1 1 Misaligned accesses 2ZM TLE reload
0x0076 FR 250000 0x00 1 1 CPU clocks not halted (cyc... 1G TLB reload
0x00c0 FR 250000 Ox00 1 1 Retired instructions
0x00c2 FR 25000 0x00 1 1 Retired branch instructions
0x00c3 FR 25000 0x00 1 1 Retired mispredicted bran...
Apply Setting

Multiplexing interval {msec) 1| | Remowve Event

Selected Eurents| Description |

Thistab contains atablelisting performance eventsin the currently selected profile configuration. For
instance, when you select "Assess Performance” profile configuration, there will be 8 events shown
in the table along with the counts, unitmask, and other informations. To modify an event, simply
highlight the event you want to modify. Setting of the selected event will get popul ated into the " Event
Setting” field on the right.

» Count - The"Count" field specifies the event count (sampling period) for an event.

» Unitmasks / Options - Check boxes allow for specifying the unit mask or option for the selected
event.

* Usr - Selecting " Usr™ enables collection of user-level samplesfor an event.

» Os- Selecting " Os" enables collection of operating system-level samples for an event.

Users can make desire changes, and then click "Apply Setting” button to save changes.

On an AMD processor, there are limited number of performance event counter hardware. In case
the number of events selected is more than the number of available hardware, performance counter
event multiplexing will be enabled to help eliminate the hardware limitation. Here, the "Multiplxing
Interval” field will be enabled and default to 1 msec. This parameter basically specifies the profiling
period before the next group of events is multiplexed during profile run; as described in Section 2.4,

“Event Counter Multiplexing”.

To remove an event, simply select the event and click "Remove Event" button.
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4.3.2.2. Description Tab

Figure 4.4. Edit EBS/IBS configuration: Description Tab

Please enter description for this profile :

Llse this configuration to get an overall assessment of performance and to find potential issues for investigation.

Selected BEvents | Description |

Thistab contains afield which let users describe the purpose of the current profile configuration.

4.3.3. Available Performance Events

These sections describe how to add performance eventsto the current profile configuration. Users can
select any type of event to add to the configuration (i.e. EBS event and IBS-derived events can be
added in a configuration).

4.3.3.1. Perf Counter Tab

Figure 4.5. Edit EBS/IBS configuration: Perf Counter Tab

Perf Counter | IBS Fetch | IBS Op | |mport| Info |

Please select event fram the list below :

Ewent Source |Name
0x0000 FP Dispatched FPU ops
0x0001 FP Cyclesin which the FPU is Empty

Ox0002 FP Dispatched fast flag FPU operations

0x0003 FP Retired S5E Ops
0x0004 FP Retired move ops

Add Events

This tab contains the list of Event-based Sampling performance events. Only performance events
available for the currently running system are shown. Users can select multiple events and click "Add
Event" to add them to the current profile configuration.
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4.3.3.2. IBS Fetch / Op Tab

Figure 4.6. Edit EBS/IBS configuration: IBS Fetch / Op Tab

Perf Counter | IB5 Fetch | IBS Op | Impnrt| Into |

Please select event fram the list below :

Ewent Source |Name &

{0xfooo IC IBS all fetch samples

0xf001 I IBS fetch killed

OxfO02 IC IBS fetch attempted

OxfO03 IC IBS fetch completed

0xf004 I IBS fetch aborted E
Add Events

Perf Counter | IBS Fetch | BS Op | Import| Info |

Please select event from the list below :

Event Source |Name &

i0xf100 FR IBS all op samples

0xf101 FR |IBS tag-to-retire cycles

0xf102 FR IBS completion-to-retire cycles

0xf103 FR IBS branch op

0xf104 FR |IBS mispredicted branch op E‘
Add Events

Thesetabs contain thelist of IBS-Fetch and IBS-Op derived performance events. These tabs are avail-
able only if the currently running system supports this performance monitoring feature. Users can
select multiple events and click "Add Event" to add them to the current profile configuration.

NOTE: All selected IBS-Fetch derived events must have same settings (i.e. same counts and op-
tion-mask). The same rule appliesto IBS-Op.

4.3.3.3. Import Tab

Figure4.7. Edit EBS/IBS configuration: Import Tab

Perf Counter | IBS Fetch | IBS Op | |mport| Info |

Import Events From Existing DC Configurations

Existing Profile Configurations :

ifssess performance -

Use this configuration to get an overall assessment of peformance and to find potential issues foarinvestigation.

Import Events

Besides selecting individual events, users can import event selections from an existing profile config-
uration. This tab lists the available profile configuration in the drop-down menu. Once you select a
configuration, description of the configuration will be shown in thefield below. To add events, simply
click on "Import Events".
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4.3.3.4. Info Tab

Figure 4.8. Edit EBS/IBS configuration: Info Tab

Perf Counter | IBS Fetch | IBS Op | Import| Info |

System Information :

Model name : AMD Engineering Sample

Family : 16

Model : 4

Stepping : 0

Events file : fopt/Codefnalyst/share/codeanalyst/eventsiigh-events.xml

This tab shows information of the currently running system such as processor family, model, etc. It
also shows the XML eventsfile currently in use.

4.4. Predefined Profile Configurations

AMD processors offer awide range of event types for collection and this can overwhelm new users.
Predefined profile configurations address the more common aspects of program and system perfor-
mance analysis. CodeAnalyst provides configurations that support various methods of data collection
including time-based profiling (TBP, event-based profiling (EBP), and Instruction-Based Sampling

(IBS).

Profile Configuration

Purpose

Time-based profile (TBS)

Collect atime-based profile

Assess performance (EBS) Collect a profile that provides an overall assess-
ment of performance
Investigate data access (EBS) Investigate data cache (DC) and data translation

lookaside buffer (DTLB) performance

Investigate instruction access (EBS)

Investigate instruction cache (IC) and instruction
translation lookaside buffer (ITLB) performance

Investigate L2 cache access (EBS)

Investigate access to the unified L2 cache

Investigate branching (EBS)

Investigate branch behavior including branch
misprediction

Instruction-based sampling (IBS)

Investigate instruction fetch and macro-op execu-
tion performance

IBS Op Overall Assessment

Get an overall assessment of performance using
IBS Op

IBS Op Branch

Find poorly predicted branches

IBS Op Load-Store

Measure data load / store performance

IBS Op Load-Store (expert)

Measure data load / store performance (expert)

IBS Op Load-Store DC Miss

measure data load / store DC miss performance

IBS Op Load-Store DTLB

Measure data load / store DTLB performance

IBS Op Load-Store Memory Access

Measure data load / store memory access perfor-
mance

IBS Op Load-Store Page Size

Measure data load / store page size performance
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Profile Configuration Purpose

IBS Op Northbridge Access M easure northbridge access performance

IBS Op Northbridge Cache Access Measure northbridge cache access performance
IBS Op Northbridge Services Measure northbridge services performance

IBS Op Return Find poorly predicted returns

Thelisted configurations are not modifiable. However, CodeAnalyst providesthree modifiable profile
configurations which can be used as templates for creating customized profile configurations:

 Current time-based profile
* Current event-based profile

 Current instruction-based profile

4.5. Manage Profile Configurations

CodeAnalyst calls the process of creating, modifying and saving a custom, user-defined profile con-
figuration "Configuration Management." The Section 4.4, “Predefined Profile Configurations’ are
preset and cannot be changed. However, a profile configuration can be saved under a different name
and the new profile configuration can be modified. Three modifiable profile configurations are also
avallable:

 Current time-based profile

 Current event-based profile

 Current instruction-based profile

These profile configurations act as templates for creating new user-defined profile configurations.
The "Current" profile configurations are persistent and can be used as temporary "scratchpad"” profile

configurations. To start configuration management:;

1. Open the Configuration Management dialog box by clicking on the Configuration Management

button [iz] in the toolbar or select Tools > Configuration M anagement from the menu bar.

2. The Configuration Management dialog box appears. Select a profile configuration in the Profile
configuration list.

3. Click one of the configuration management buttons on the right hand side of the dialog box.

The Configuration Management dialog box selects a profile configuration to be modified (Edit, Re-
name), to be deleted (Remove), or to be written to afile (Export.) A new profile configuration can
be read from afile (Import.) A profile configuration is stored as a sharable . XML file. Export writes
an existing profile configuration to a file while import adds a new profile configuration by reading
it from afile. New profile configurations appear at the bottom of the profile configuration list. Only
user-defined and imported configurations can be deleted from the list; the predefined profile configu-
rations that are installed with CodeAnalyst cannot be del eted.
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Figure 4.9. Configuration M anagement

. Configuration Management Iﬁ

Profile configuration list

ifssess perfarmance -
Current event-based profile
Current instruction-based profile
Current time-based profile

IES Op Branch

IBS Op Load-Store Edit
IES Op Load-5tore (expert)
IES Op Load-5tore DC Miss Import
IES Op Load-5tore DTLE
IES Op Load-5tore Memory Access Export
IBE5 Op Load-5tore Page Size

IES Op Morthbridge Access

IES Op Morthbridge Cache Access
IES Op Morthbridge Services

IES Op Overall Assessment —
IES Op Return

Instruction-based sampling

Investigate L2 cache access

Investiaate branching

Rename

Remove

b

The following actions are available through the Configuration Management dial og box:

* Click the Rename button to rename the sel ected, user-defined profile configuration (e.g., my config
configuration) and to rename the associated file. Only user-defined profile configurations may be
renamed.

« Click the Remove button to remove the sel ected, user-defined profile configuration (e.g., my config
configuration) and to delete the associated file. Only user-defined profile configurations may be
removed from thelist of profile configurations.

* Click the Edit button to modify the selected configuration.

 Click the Import button to import a profile configuration from an existing file. This adds a new
profile configuration to thelist. Theimport action displays a standard file selection dialog box. Use
this dialog box to select afile to import.

* Click the Export button to write the selected profile configuration to afile. The export action dis-
plays a standard file selection dialog box. Use this dialog box to specify the name and location of
the file to which the profile configuration is written.

» Click OK to close the window without taking further action.

The Edit button opens an edit dialog box. The kind of analysis used by the selected profile configura-
tion determinesthe type of dialog box that displays since each kind of analysis hasits own settings. For

89



Configure Profile

example, selecting "Current time-based profile " then clicking the Edit button, opens the "Edit timer
configuration” dialog box (See Section 4.2, “Edit Timer Configuration” and Section 4.3, “Edit Event-
based and Instruction-based Sampling Configuration”). The user can then change the timer interval,
which determines how often samples are taken.

Figure 4.10. Edit timer configuration

-
. Edit timer configuration

=)

Profile name:

Timer internsal

Time-based profile

1| (m5)

Cancel
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Figure 4.11. Edit events configuration

I8 Edit E8S / IBS Profile Configurati m

Profile Mame: | Assess performance hd | Manage Profiles
Perf Counter | IBS Fetch | IBS Op | Import | Info |
Please select event from the list below :
Event |50urce |Name =]
0x0000 FP Dispatched FPU ops é
0x0001 FP Cycles in which the FPU is Empty L |
0x0002 FP Dispatched fast flag FPU operations
0x0003 FP Retired SS5E Ops | |
0x0004 FP___Retired move ops hd
Add Events
Events in this profile configuration : Event Setting
Event |5ource |Count |Ur1itmas|U5r |Ds |Name Count |
0x0040 DC 250000  0x00 1 1 Data cache accesses Unit Masks / Options
0x0041 DC 25000 Ox00 1 1 Data cache misses [] Reserved
0x0045 DC 25000 0x07 1 1 L1DOTLB and L2 DTLE miss
0x0047  DC 25000 0x00 1 1 Misaligned accesses [] Reserved
0x0076 FR 250000  0x00 1 1 CPU clocks not halted (cyc... D Reserved
0x00cO FR 250000  0x00 1 1 Retired instructions D Reserved
0x00c2 FR 25000  0x00 1 1 Retired branch instructions o
0x00c3 FR 25000  0x00 1 1 Retired mispredicted bran... D Reserved
[] Reserved
] reserved
[] Reserved
[ wsr
Apply Setting
Multiplexing interval {msec) Remave Event [Jos
Selected Events | Description |
Save As Save Ok

The Session Settings dialog (See Section 2.7, “Session Settings’) box contains an Edit button that
also opens a profile configuration edit dialog box. Selecting a profile configuration and clicking the
Edit button in the Session Settings dialog box is equival ent to opening the Configuration Management
dialog box, selecting a profile configuration and clicking the Edit button.

By default, new profile configurations are stored in the /$(HOME)/.CodeAnalyst/Configs/DC-
Configs subdirectory.
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Chapter 5. Collecting Profile

5.1.
ta

Collecting Profiles and Performance Da-

Information about program performance can be collected in several ways depending upon the kind
of analysis to be performed. The following sections discuss ways to collect program profiles and
performance information:

Section 5.2, “Collecting a Time-Based Profile”

Section 5.3, “Collecting an Event-Based Profile”

Section 5.4, “Collecting an Instruction-Based Sampling Profile”

Collection and analysis of profiles are also covered in the Chapter 8, Tutorial.

5.2. Collecting a Time-Based Profile

5.2.1.

In time-based profiling, the application to be analyzed isrun at full speed on the same machine that is
running AMD CodeAnalyst. Time-based samples (collected at predetermined intervals) can be used
to identify possible bottlenecks, execution penalties, or optimization opportunities. The timer-based
profiling feature can be used with all AMD processors. This page describes how to collect a time-
based profile.

The predefined profile (data collection) configuration (Time-based profile) is used to enable collec-
tion of atime-based profile.

Collecting a Time-Based Profile

To collect atime-based profile:

1. Create new project or choose a previously opened project. Select Time-Based Profile from the
drop-down profile configuration list in the toolbar.

2. If anew project is to be created, the New project properties dialog box opens. Assign a project
name and location or browse for an existing file.

Figure5.1. New Project Properties

. Mew project properties [iE-J

Project Name: |my project]

Project location: |frootAMD/CodeAnalyst) Browse

DK LCancel

92



Collecting Profile

3. The Session settings window opens. Assign a session name (optional), enter the path to the appli-

cation program to be launched and set the working directory.
4. Under Profile configuration: select time-based profile.

5. Select other desired profiling options and click OK.

Figureb5.2. Session settings

-
Wl session Settings _— - . .

Setting Templates Template Name |5ession

Session

General | Advance | Mote |

Launch Contral

Launch |".Froot.l'classic!classic"

hd ‘ Browse

Waorking directory ‘jroot

bt ‘ Browse

|:| Profile the duration of the app execution

Profile Configuration

[] Terminate app when stop profile [ | Enable CPU Affinity I:I

[] show app in terminal [] Enable Process Filtering
N Profile Control

Profile duration (sec) Profile start delay (sec) I:l

|:| Stop profile when the app exits |:| Start with the profiling paused

Time-based profile

» ‘ Edit
I

Event |Count Mask Name
0x0076 1700000 {1 msec) 0x0 CPU clocks not halted (cycles)

6

Click theStarticon“J{[Ea| o o | to launch the application and begin profiling.

7. Thetask bar at the bottom of the screen displays " Sampling Session Started" and the percent com-

|]-|° @ a | become active.

pleted. The Pause and Stop icons
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Figure5.3. Task Bar display

r. Advanced Micro Devices - Codefnalyst [,-"rl;ot.l"AMD}'Codeﬂnalystf:y_prujectfm],r_p:ject.caw] E@ﬂW
File  Profile Tools Windows Help
"BEAHE B EOF 00 0 v

my_project.caw ||
.. TBP Sessions

e
e

-

Sampling Session Started. 50%

L - —

8. When the sampling session is complete, the application under test terminates and the performance
datais processed. The work space then displays a module-by-module breakdown of the resultsin
the System Datatable. Select the System Graph tab to see the resultsin graphical form. Select the
System Tasks tab to see atask-by-task breakdown of the results. Double-click on amodule or task
to drill down into the data.

Figure 5.4. System Data results

— ™y
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] E@g
W File Profile Tools Windows Help rIx][x]
s g 7 : i

B B B3 ' © O O |[mebasedprote |
my_project.caw [*| © | 4/ natg - e

=-TEP Sessions .

{ i.Session S System Graph | System Task5| EI_
- EBP Sessions Module Name | 64-it |CPUclocks
froot/classic/classic o 20338
fno-vmlinus o 2221
JlibEd/libc-2.5.50 - 51
g 7 Jlib&d/libpthread-2.5 50 o 10
<|JusrlibGd/qt-3.3/lib/libgt-mt.so.3.3.6 - [ ll
Jlib64/1d-2.5.50 - 4
Jopt/CodeAnalyst/binfoprofiled < 1
NibE4/libcrypto.so.0.9.8e - 1 |

| Sampling Session ldle. |
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5.2.2. Changing the Current View of the Data

To change the type of data displayed in the current view, click Manage. The View Management
dialog box opens. Refer to the Section 7.3, “View Management” section for details. The items listed

in the Columns part of the View Management dialog box depend on the view configuration that is
in current use.

Figure5.5. View Management

e ———

Platfarm name: # | View name: |{All Data iw

Description

This special view has all of the data from the profile available.

i Columns
Available data Columns shown
=+ CPU clocks not halted (cycles):.0:0
=
Options
[] Separate CPUs [] separate Tasks [] Show Percentage

DK Cancel

5.2.3. System Data and System Graph

The System Datatab displays a modul e-by-modul e breakdown of performance data, while the System
Graph tab displays the same modul e-by-modul e breakdown of performance data but in chart form.
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Figure 5.6. System Graph

—— =
. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] E@ﬂ
W File FProfile Tools Windows Help =Ixl[x]
- - -
- - - . .
: @ ﬂ E : : @ o o | Time-based profile -
my_project.caw [ | |AII Data - Manage
-TBR Sessions| | Lo L
! l.Session Systern Data |:Systern Graph:| System Ta5k5| X
‘..EBP Sessions

S
Systermn View - Session thp
0.00% 50.00% IUU.IUU%
froot/classic/classic
sk i 7
> 2 fno-wrmlinus &
i NlibE4libc-2.5.50
II flibed/libpthread-2.5.50

Jusrflib&d/gt-3.3/libflibgt-mt.so.3.3.6
/libG4/1d-2.5.50
fopt/CodelAnalystbin/oprofiled

|| flibEdflibcrypto.so.0.9. 8.

-
w

Sampling Session dle. |

The configuration of both the System Data table and System Graph can be altered by selecting options
in the Section 7.3, “View Management” window.

5.2.4. System Tasks

The System Tasks tab displays a task-by-task breakdown of performance data.

Figure5.7. System Tasks

—— ™
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] E@ﬂ

W File Profile Tools Windows Help =x][x]
- - -
é E = g E @ 0 0 | Time-based profile »

my_project.caw [ 2
-

All Data -

2. TBP Sessions

R S ession

System Data | Systermn Graph | | X
Task Name |E4-bit CPU clocks o
[rooticlassic/classic 20380

[no-wrnlinux 2221
Jopt/CodeAnalyst/bin/Codelnalyst 21

Jusribin/sudo

[sbin/killalls
Jopt/CodeAnalyst/shin/ca_oprofile_controller
Jusrishin/sshd

Jusrishin/pcscd

Jusrbinfkdeinit
Jopt/CodeAnalyst/binfoprofiled

EBP Sessions

e,

A R S S
H o = 2 R)ORDORI

Sampling Session Idle. ||
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5.3. Collecting an Event-Based Profile

Event-based profiling (EBP) collectsdatabased on how aprogram behaves on processorsand memory.
Information from this type of profile can be analyzed for developing and testing hypothesis about
performance issues. AMD processors provide awide range of hardware events that can be monitored
and measured.

5.3.1. Collecting an Event-Based Profile

To collect an event-based profile:

1. Create new project or choose a previously opened project. Select an event-based profiling config-
uration like " Assess performance" from the drop-down profile configuration list in the toolbar.

2. If anew project is to be created, the New project properties dialog box opens. Assign a project
name and location, or browse for an existing file.

Figure 5.8. New Project Properties

. Mew praject properties lﬁ

Project Name: |my _project]

Project location: |[frootAMD{Codesnalystf Browse

DK Cancel

e

3. The Session settings dialog box opens. Assign a session name (optional), enter the path to the
application program to be launched and set the working directory.

4. Under Praofile configuration: select apredefined event-based profile configuration such as" Assess
performance” and click OK.

5. Select other desired profiling options and click OK."
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Figureb5.9. Session Settings

Moosos —

Setting Templates Template Name |5e55ion

General | Advance | Mote |

Launch Contral

Launch |".Froot.l'classic!classic" '*‘ Browse

Waorking directory ‘jroot hd

[] Terminate app when stop profile [ | Enable CPU Affinity I:I
[] show app in terminal [] Enable Process Filtering

Prafile Contral

Profile duration (sec) Profile start delay (sec) I:l
|:| Stop profile when the app exits |:| Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

|

Assess perfarmance bt ‘ Edit
Event Count Mask Name =2
0x0040 250000 0x00 Data cache accesses 2
0x0041 25000 0x00 Data cache misses a
0x0048& 25000 0x07 L1 DTLE and L2 DTLE miss -
0x0047 25000 0x00 Misaligned accesses
0x0078 250000 Ox00 CPU clocks not halted (cycles) —
s O 0 = 01 e T a TaTulal i C10 O cti ol e et 4 l

- -

Bemove

6. Click Ok to apply selections.

7.
Click the Start icon| ” @ o o to launch the application and begin profiling.

8. Thetask bar at the bottom of the screen displays " Sampling Session Started" and the percent com-

It Y-X-1

pleted. The Pause and Stop icons become active.
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Figure 5.10. Launch Application

. Advanced Micro Devices - Codelnalyst [/roct/AMD/Codefnalyst/test_classic/test_classic.caw] [ =u|sE] &J

Eile  Profile Tools Windows Help

BB BEEEITE 00 0 |

test_classic.o|*|

Sampling Session Started. 0%

9. When the sampling on is complete, the application under test terminates and the performance
datais processed. The work space then displays a module-by-module breakdown of the resultsin
the System Data table. Select the System Graph tab to see the resultsin graphical form. Select the
System Tasks tab to see atask-by-task breakdown of the results. Double-click on amodule or task
to drill down into the data.
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Figure5.11. Performance Data Results

o — ]
. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Session E@ﬂ
 —
W File Profile  Tools Windows Help [=Ix][x]
“ # &
B mA (B ©® @ O|Asespetomance v
P -
”?'—"_p””e“‘i ; | Overall assessment » Manage
g Systemn Graph | Systemn Tasksl X
Module Name |]64-bit |CPUclocks w |IPC DC miss rate | DTLE L1M L|*
frooticlassic/classic o 68278  0.550822 0.010963 0.0
fno-wrmlinug o 12969 0.118668 0.012151 0.0
Nib&4/libc-2.5.50 o 213 1.361502 0.001379
jopt/Codednalystbin/oprofiled o 53 1830189 0.002062
i fusr/libedfgt-3.3/lib/libgt-mt.so.3.3.6 o 47 0.489362 0.004348
| Nib&4)libpthread-2 5.50 o 26 0.345154 P
flib&4/libcrypto.so.0.9.8e v 12 2.333333 4
“ || nib&and-2 5 50 - 10 0.600000
I “|husrisbin/sshd o 4 1
fusrflibedlibX11.50.6.2.0 o 4 0750000
fusr/libedflibstdc++.5s0.6.0.8 o 2 0500000
fusrflibed/librncop.s0.1.0.0 o 2
fusrflibe4/libkdecore.so.4.2.0 o 2
fusr/libedlibpopt.so.0.0.0 o 1
fusrflibedflibpcsclite.so.1.0.0 o 1
fusr/bin/artsd o 1
/shin/portmap o 1
/sbinfauditd o 1
L_| [foptiCodeAnalyst/bin/CodeAnalyst o 1 =
— | o | [+
Sampling Session ldle. |

5.3.2. Changing the Current View of the Data

To change the type of data displayed in the current view, click Manage. The View Management
dialog box opens. Refer to the Section 7.3, “View Management” section for details. The items listed
in the Columns part of the View Management dialog box depend on the view configuration that is
currently open for use.
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Figure5.12. View Management

-
. View Management

Platform name:

# | View name: |iOverall assessment iw

Description

This view gives an overall picture of pedformance. Use itto find possible issues for deeper investigation.

Columns
Available data

Columns shown

Retinst:0

DC misses:0

DTLE LIM L2M:7
Misalign access:0
Ret misp branch:0

Options
[] separate CPUs

- CPU clocks:0 ]
IPC:0 p
<— D miss rate:0 =
DTLE LIM L2M rate:7 L_|
Misalign rate:0 ||
Mispredict rate:0 hd
[] separate Tasks [] Show Percentage
DK Cancel

5.3.3. System Data and System Graph

The System Datatab displays a modul e-by-modul e breakdown of performance data, while the System
Graph tab displays the same modul e-by-modul e breakdown of performance data but in chart form.
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Figure’5.13. System Graph

- h
. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Session E@ﬂ
 —
W File Profile  Tools Windows Help [=Ix][x]
& - -
B eBA - ©® O O ||Asesperormance v
my_project.:i §|AIIData - Manage
System Data | System Graph]| System Tasks | X
£
Systern View - Session.ebp
0.00% 33.33% 66.67% 100.00%
! %
froot/classic/classic <
Mno-vmlinux
e Nibed/libc-2.5 50
=
]
JoptiCodeAnalystbin/oprofiled
fusrflib&4/gt-3.3/libflibgt-mt.s0.3.3.6
-
flib64/libpthread-2.5.50
NlibG&flibcrypto.so.0.9.8e
flib64/1d-2.5.50
I fusrisbin/sshd .
-
Sampling Session ldle. |
-

The configuration of both the System Datatable and System Graph can be altered by selecting options
in the Section 7.3, “View Management” window.

5.3.4. System Tasks

The System Tasks tab displays a task-by-task breakdown of performance data.
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Figureb5.14. System Tasks

.Eile Profile  Tools Windows Help

@ = B @ @ a o |A55e55performance

b |

my_project.o |A|| Data -
(. TBP Se..

Manage

1 LR Task Name

frootfclassic/classic

fno-vrmlinux
fopt/CodeAnalysthin/CodeAnalyst
jopt/Codednalystbin/oprofiled
fusr/sbin/sshd

fusrfbinfkdeinit

fusr/sbin/pcscd

fusr/sbin/hald

fusr/bin/sudo
fusrisbin/sendmail.sendmail
fusr/binfartsd

/shinfauditd

fusr/sbin/crond

fusrfbin/kded
/shin/portmap
/sbin/killalls

L_| [[fusr/skinfirgbalance

Systerm Data | Systern Graph |5ystemTas

fopt/CodeAnalyst/shin/ca_oprofile_controller
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5.4. Collecting an Instruction-Based Sam-

pling Profile

Instruction-based sampling (IBS) profile is similar to Event-based sampling (EBS) profile. It collects
data based on how a program behaves on processors and memory. This section demonstrates how to
configure CodeAnalyst to collect an instruction-based sampling profile.

5.4.1. Collecting an IBS Profile

1. Select " Create new project” or choose a previously opened project from the Welcome window.
Select " Instruction-Based Sampling” from the second drop-down list in the toolbar. If a new
project is to be created, the " New project properties’ dialog box opens. Assign a project name

and location or browse for an existing file.
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Figure 5.15. New Project Properties

W somerrs SR

Project Name: |C|assicTE5t

Project location: |jru ot/AMD/CodeAnalyst/ClassicTes] Browse

Cancel

2. The" Session settings' dialog box opens.

» Inthe" Launch" field, enter the path to the application program to be started, or browse to find
the executable program.

e The"Working directory" field fills automatically. Y ou may also set the working directory to
adifferent location by either entering the path directly or by browsing to it.

» Under " Profile configuration" select the predefined profile configuration "Instruction-Based
Sampling."

3. Advanced step: If editing the IBS profile configuration, click " Edit" to open the "Edit EBS/IBS
Configuration" dialog box. (See Section 4.3, “Edit Event-based and Instruction-based Sampling
Configuration” for more detail.
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Figure5.16. Session Settings

Weosrss R ]

Setting Templates Template Name |Session |

General | Advance | Mote |

Launch Contral

Launch |".Froot.l'classic!classic" '*‘ Browse

Waorking directory ‘jroot hd ‘ Browse
[] Terminate app when stop profile [ | Enable CPU Affinity I:I
[] show app in terminal [] Enable Process Filtering

Prafile Contral

Profile duration (sec) Profile start delay (sec) I:l
|:| Stop profile when the app exits |:| Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

Elnstruction-based sampling hd ‘ Edit

Event Count Mask MName
0xfo00 1000000 0x00 IBS all fetch samples
0xf100 1000000 0x01 IBS all op samples
‘ Save ‘ ‘ Ok ‘ ‘ Cancel ‘

4. Click " Ok" to apply selections.

5. |
Click the" Start" icon ”@ ° o | to launch the application and begin profiling. The task
bar at the bottom of the screen displays "Sampling Session Started" and the percent completed.

The " Pause" and " Stop" icons | JJ o @ a | become active. When the sampling session is
complete, the application-under-test terminates and the performance data is processed. The work
space then displays a modul e-by-modul e breakdown of the resultsin the System Datatable. Select
the System Graph tab to see the resultsin graphical form. Select the System Taskstab to see atask-
by-task breakdown of the results. Double-click on a module or process to drill down into the data.
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Figure5.17. Output from IBS Profile Session
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5.4.2. Changing the Current View of the Data

Similar to event-based profiling, IBS profile can produces a broad range of information about program
behavior in asingle run. IBS fetch samples provide information about instruction fetch while IBS op
samples provide information about the execution of operations (ops) that are issued from AMD64
instructions. Several views provide a more focused look at different aspects of fetch and execution
behavior.

The"All Data' view displays sample countsfor al IBS-derived events. Predefined views are provided
to narrow down the displayed performance data to the most useful groups of IBS-derived events.

Figure 5.18. IBS Profile with " All Data" view when selecting large number of
IBS-derived events
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Use the drop-down list of views to select a different view of the IBS data. (The drop-down list is
located next to the " Manage" button.) For instance, choose " IBS fetch instruction cache" to seea
summary of 1BS attempted fetches, completed fetches, instruction cache (IC) misses and the |C miss
ratio, or choose" IBS All ops’ from the drop-down list to see a summary of the number of all IBS op
samples, IBS branch (BR) samples and IBS load/store samples that were collected.

Figure5.19. IBS All Ops

[ . View Management ﬁ1

Platform name: # | View name: | IB5 All ops

Description

Use this wiew to show a summary of all IES op samples.

Columns
Available data Columns shown
IBS load/store:1 =+ IBS all ops:1 -
IES IBS BR:1
<— (IBS tag-to-ret:1
IBES comp-to-ret:1
Ave tag-to-ret:1
Ave comp-to-ret:l |E|
Options
[] separate CPUs [] separate Tasks [] Show Percentage
DK Cancel

To change the type of data displayed in the current view, click Manage. The View Management
dialog box opens. Refer to the Section 7.3, “View Management” section for details. The items listed
in the Columns part of the View Management dialog box depend on the view configuration that is
currently open for use.

107



Collecting Profile

Figure5.20. View Management

-
. View Management

Platform name:

Description

Columns

Available data

IBS load/store:1

Options
[] separate CPUs

View name:

Use this wiew to show a summary of all IES op samples.

-

[] separate Tasks

IBS All ops

Columns shown

IBS all ops:1
IBS IBS BR:1

(IBS tag-to-ret:1

IBES comp-to-ret:1
Ave tag-to-ret:1
Ave comp-to-ret:]

[] Show Percentage

oK

Cancel

5.4.3. Changing How IBS Data is Collected

The predefined profile configuration named "Instruction-Based Sampling” collects both IBS fetch
and op data. The way IBS data is collected can be changed by editing the "Current instruction-based

profile" configuration.

1
Click the" Session settings" button inthetoolbar or select " Tools> Sessions Settings' from
the menu bar. Under " Profile configuration” select the profile configuration " Current instruc-

tion-based profile".
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Figure5.21. Edit EBS/IBS configuration

ot

-
[Bl Edit EBS / IBS Profile Configuration 'B&- ® -
A il
Profile Name: | Current instruction-based profile | Manage Profiles
Perf Counter| IBS Fetch | IBS Op | Import | Info |
Please select event from the list below :
Event |50urce Narme ad
Oxf2UT DT [BS load ops —
0xf202 DC  IBS store ops Z
0xf203 DC |IB5 L1 DTLE hit —
0xf204 DC IBS L1 DTLE miss, L2 DTLE hit
0xf205 DC |IBS L1 DTLE miss, L2 DTLM miss [w]
Add Events
Events in this profile configuration : Event Setting
Event |5ource |Count |Ur1itmas|U5r |Ds |Name Count |1000000
Oxf000 1C 1000000  0x00 0 0 IB5 all fetch samples IBS Op Options
0xf100 FR 1000000  0x01 0 0 IB5 all op samples Enable Dispatch count mode
I 1000000 0 0 |IBS load ops
0xf202 DC 1000000 0x01 © O IBS store ops [] Reserved
[ reserved
[ reserved
[] reserved
[] Reserved
[ reserved
[] reserved
[ usr
Apply Setting
Multiplexing interval {msec) I:I Bemowve Event D Os
Selected Events | Description |
Save As Save Ok

2. Inthe "Edit EBS/IBS configuration” dialog, users can select |BS-Fetch/Op events from the avail-
able performance event lists, remove eventsfrom the selected list of events, or change the sampling
periods and options of each type of event. Please see Section 4.3, “Edit Event-based and Instruc-
tion-based Sampling Configuration” for more detail.

3. Click OK to apply the changes.
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Configuration

6.1. Data Collection Configuration

CodeAnalyst provides predefined profile (data collection) and view configurationsto set up data col-
lection and the presentation of results. The CodeAnalyst GUI provides the ability to change profile
and view configurations.

CodeAnalyst stores these predefined configurations (and custom user configurations) in XML files.
Expert users may choose to create or modify their own profile and view configurations by editing
XML filesdirectly. The two subsections bel ow describe the XML format and tagsfor profile and view
configuration files.

Section 6.2, “Profile Configuration File Format”

Section 7.5, “View Configuration File Format”

6.2. Profile Configuration File Format

A datacollection configuration file describes how CodeAnalyst isto be configured for data collection.
Through the CodeAnalyst GUI, the user chooses one of several data collection configurations. The
GUI configures data collection according to the selected configuration.

The user may aso modify a data collection configuration to fit their needs using the CodeAnalyst
GUI. The modified data collection configuration can be saved to afile.

A data collection configuration file contains a single configuration. The file representation of a data
collection configurationisin XML.

6.2.1. XML file format

6.2.1.1. Collection configuration
The following tags mark the beginning and end of configuration information within a data collection

configuration file.

<dc_configuration>
</ dc_configuration>

A collection configuration element contains one <tbp>, <ebp> or <sim> element. Each element de-
scribes a data collection configuration of the type indicated by its element name. Each such element
describes how to configure CodeAnalyst to collect data.

6.2.1.2. TBP collection configuration

The <tbp> and </tbp> tags mark the beginning and end of atime-based profiling data collection con-
figuration.

A <tbp> element has the following attributes:

name: Configuration name (string)
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interval: Sampling interval given in milliseconds (float)
A TBP collection configuration element contains exactly one of the following elements: <tool tip>
and <description>. The<tool_tip> and <description> elements have acommon form and are described
below.

A time-based profiling configuration has the form:

<dc_configuration>

<tbp nane="..." interval ="10.0">
<tool _tip> ... </tool _tip>
<description> ... </description>
</t bp>

</ dc_configuration>

6.2.1.3. EBP collection configuration

The <ebp> and </ebp> tags mark the beginning and end of a event-based profiling data collection
configuration.

An <ebp> element has the following attributes:
name: Configuration name (string)
mux_period: Event multiplexing period in milliseconds (integer)

The mux_period attribute specified the event multiplexing period. If the mux_period is zero, event
multiplexing is disabled. Event multiplexing should not be used when all events can be programmed
onto the hardware counters in a profile run. The number hardware counters can be different on each
platform on which measurements are to be taken. For example, AMD Athlon64™ and Opteron™
processors have four performance counters and thus, the number of <event> elementsislimited to a
maximum of four. Information from extra <event> elements may be discarded.

An EBP collection configuration element contains exactly one of the following elements: <tool _tip>
and <description>.

An <event> element has the following attributes:
select: Event select value (integer)
mask: Unit mask value (integer)
os. Enables OS sampling (Boolean)
user: Enabled user-level sampling (Boolean)
count: Sampling period (integer)
edge detect: Enable edge detect when counting events (Boolean)
host: Enable host mode event counting Bool ean)
guest: Enable guest mode event counting (Bool ean)

Thevaluesmust bevalidated against the events and specific capabilities supported by the measurement
platform.

An event-based profiling data collection configuration has the form:
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<dc_confi guration>

<ebp nane ="..." mux_period="10">
<tool _tip> ... </tool _tip>
<description> ... </description>

<event sel ect ="0x00" mask="0x00" os="T" user="T"
host ="F" guest="F" edge_detect="F" count ="50000"></ event >

</ ebp>
</ dc_confi guration>

6.2.1.4. Tool tip

The tags <tool_tip> and </tool_tip> mark the beginning and end of a short "tool tip" description of a
configuration. The text between the tags is the tool tip description.

<tool _tip> ... </tool _tip>

A tool tip isusually only afew key words with no line breaks.

6.2.1.5. Description

The tags <description> and </description> mark the beginning and end of a short description of a
configuration. The text between the tags is the description.

<description> ... </description>

A description is usually only afew sentences long. It may contain line breaks. Line breaks and extra
space will be simplified. Line breaks will be replaced by spaces and runs of space characters will be
replaced by single space characters.

6.2.1.6. Attributes

The value of a numeric attribute is returned as a string that can be converted to internal integer and
floating point representation. The actual values may be further constrained for the attribute's purpose,
e.g., the number of simulated instructions must be greater than 0. The default value for a numeric
attribute is zero.

The value of a Boolean attribute is returned as one of the strings "T" or "F", which denote the truth
values true and false, respectively. The default value of a Boolean attributeis"F".

6.2.2. Examples of XML Files
6.2.2.1. TBP example

Here is an example of a data collection configuration for time-based profiling.

<dc_configurati on>
<t bp nane="Ti nme-based profile" interval ="10.0">
<tool _tip> Measure tinme in programregions </tool _tip>
<descri pti on>

Moni tor the program and produce a profile showi ng where the program

spends its tine. Use this configuration to identify hot-spots.
</ descri ption>
</tbp>
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</ dc_configuration>

6.2.2.2. EBP example

Here is an example of a data collection configuration for event-based profiling.

<dc_confi guration>
<ebp nane ="Quick tune" nux_period="100000">

<l-- CPU cl ocks unhalted -->
<event select="0x76" mask="0x00" os="T" user="T" count="50000"></event >

<l-- Retired instructions -->
<event sel ect="0xC0" mask="0x00" os="T" user="T" count="50000"></event >

<l-- In order to detect branch mnispredictions -->
<event sel ect="0xC2" mask="0x00" os="T" user="T" count="5000"></event >

<!-- Mspredicted branches -->
<event sel ect="0xC3" mask="0x00" os="T" user="T" count="5000"></event >

<l-- Data cache accesses -->
<event sel ect="0x40" mask="0x00" os="T" user="T" count="5000"></event >

<l-- Data cache nisses -->
<event sel ect="0x41" mask="0x00" os="T" user="T" count="5000"></event >

<l-- L1 DTLB and L2 DTLB Mss -->
<event sel ect="0x46" mask="0x00" os="T" user="T" count="5000"></event >

<!-- Msaligned accesses -->
<event sel ect="0x47" mask="0x00" os="T" user="T" count="5000"></event >

<tool _tip> Perform qui ck accessnent </tool tip>

<descri pti on>
Col l ect data needed to quickly identify possible performance issues.
Good candi dates for further investigation are frequently executed,
ti me-consuning parts of the program Use analysis configurations for
foll owup investigations.

</ descri ption>

</ ebp>
</ dc_configuration>
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7.1. Viewing Results

AMD CodeAnalyst can collect many different kinds of performance data in a single measurement
session. Thisisespecially true of event-based profiling and I nstruction-Based Sampling where alarge
number of events may be collected in asingle performance experiment. The CodeAnalyst view feature
organizes performance datainto groups of logically related kinds of datain order to aid interpretation
and analysis.

Select aview from the drop-down list of views to change to a different view.

Figure7.1. List of Views
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The All Data view is displayed by default after data collection. The data is displayed in as many
columns as there are distinct kinds of sample data.

The list of available views is determined by the kind of performance data that was collected. A view
is only offered if the right kind of performance data is available to produce the view. CodeAnalyst
provides several predefined views. See Section 7.4, “Predefined Views’ for more details.

The choice of performance data and the aggregation/separation of data by CPU (core), process and
thread is controlled through Section 7.3, “View Management”. View Management aids interpretation
by filtering out unneeded performance data and by breaking out (or summarizing) performance data
across CPUs, processes and threads.

The CodeAnalyst GUI does not provide away to directly create and save new views. Advanced users
may choose to create their own views and should see Section 7.2, “View Configurations’ for more
information. Expertise with XML is required.
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7.2. View Configurations

Information that defines aview is stored in aview configuration. View configurations -- like profile
configurations -- are stored as . XML format files. This approach allows for:

 Sharing view configurations between users.
» Saving customized view configurations.
* Creating and distributing new view configurations more easily.

Predefined views are installed as . XML files and cannot be permanently changed. Any changes made
in a session only appear while the session is open. Advanced customization is possible by making a
copy of the XML file containing the view configuration and then modifying the XML representation
itsalf.

The view configuration files that are installed with CodeAnalyst provide agood starting point for cre-
ation of new views. Predefined view configuration files are in the /opt/CodeAnalyst/shar e/codean-
alyst/Configs/ViewConfig directory. In this directory, CodeAnalyst stores common view configura-
tion files. Platform specific configuration files are stored in the subdirectories with the corresponding
AMD processor family name.

NOTE : Sincethe unit mask for some performance monitoring eventsvary on different AMD proces-
sor families, view configurationsthat usethese eventsarelisted underneath platform specific directory.

See Section 7.5, “View Configuration File Format” for more information about the XML representa-
tion of aview.

7.3. View Management

The content and format of a view can be modified using view management. Use view management
to change the kinds of performance data shown in aview, to aggregate or separate data by core (CPU),
to aggregate or separate data by task, to aggregate or separate data by thread, and to control display
of apercentage column.

Two types of View Management dialog are available;

» Global : Manage acollection of session dialogsthat are currently using the same view. The changes
made to a view configuration within the dialog will propagate to all opening sessions that are cur-
rently displaying the view. Global View Management dialog also allows user to manage platform
specific view configurations. Changes made in this dialog are saved to the view configuration file.
The user can reset the pre-defined view configuration to the original value in this dialog.

* Local : Managetheview of anindividual session. The changes madeto aview configuration within
the dialog are applied only to anindividual session, and are not saved to the view configuration file.

View management can beinitiated in any of three ways:

Click the view management icon i in the toolbar. ( Global )
» Sdlect Tools> View Management from the menu bar. ( Global )

* Click the Manage button next to the drop-down list of views. ( Local )

Overall assessment - Manage
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7.3.1. View Management Dialog

Figure 7.2. Global View M anagement Dialog

F . |
. Global View Management Iﬁ
Platform name: ECF‘U Family 0x10 # | Viewname: | Branch assessment -

Description

Use this view to find code with a high branch density and poorly predicted branches.

Columns
Available data Columns shown
- Retinst0
Ret branch:0
= Ret misp branch:0
Branch rate:0
Mispredict rate:0
Mispredict ratio:0
Options
[] Separate CPUs [] separate Tasks [] Show Percentage
Beset Current View Save to File Cancel

A

7.3.1.1. Platform Name

The Platform Name field shows the name of the selected AMD processor family. Processor families
are selected from a drop-down list, which is enabled only in the Global View dialog. In Local View

diaog, the processor type is determined by the type of processor the profile data of the session was
collected on.

7.3.1.2. View Name

The View Name field shows the name of the selected view configuration. View configurations are
selected from a drop-down list.

7.3.1.3. Description
The description changes according to the selection in View name.

7.3.1.4. Columns

CodeAnalyst can only display itemslisted in the Available data list.

» Availabledata: Theitemsin the Available datalist are preselected according to the selected view
configuration. Each item is available for inclusion in aview as a column.

» Columns shown: Selects which columns are shown and can be changed by using the directional
arrows to move an item from the list.

The selected platform name in Platform Name drop-down menu list determines the types of AMD
processor family, which in turn determinesthe available views shown in View name drop-down menu
list. Availability of views are determined by the available performance counters on a particular AMD
processor family. The selected view determinesthe choices displayed under Available data and under
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Columns shown. The performance data to be shown in the selected view can be changed by moving
items between the Available data list and the Columns shown list.

To add an item to the Columns shown list and make it visible in the view:
1. Select theitem in the Available datalist.

2. Click the right arrow -> button.

To remove item from the Columns shown list and remove it from the view:
1. Select theitem in the Columns shown list.

2. Click the left arrow <- button.

NOTE : Changes made to view configurations are persistent.

7.3.1.5. Separate CPUs

When selected, event data is shown for each processor in separate columns in the System Data table
and as separate bars in the System Data graph. For example, on a dual-core processor, timer-based
samples display in two columns with the headings:

» Time-based samples- CO
» Time-based samples- C1

7.3.1.6. Separate Tasks

For Separate Tasks, a separate row is displayed in the System Data table for each unique use of a
module by atask. The module name is extended by the task name. A new bar is added in the System
Data graph for each unique use of amodule by atask.

7.3.1.7. Show Percentage

Enabling Show Percentage displays the percentage column in the view.

7.4. Predefined Views

AMD CodeAnalyst provides many predefined views. These predefined views cover the most common
kinds of analysis and directly support the predefined profile configurations that control collection of
performance data. Profile (data collection) configurations choose which performance data are collect-
ed during a session. Coordinated, predefined view configurations provide purpose-specific views of
this performance data. A view may also include computed performance measurements (rates and ra-
tios of events, for example) that are calculated from the raw performance data.

View availability is determined by the availability of the performance datarequired for generating the
view. Any view that can be displayed from available performance data can be selected for display.
For example, the misaligned accesses view is offered when data is collected using either the basic
assessment and the data access profile configurations because both of these predefined profile config-
urations collect the events needed to display the misaligned accesses view.

The following table summarizes the predefined view configurations associated with each of the pre-
defined profile configurations.

Profile Configuration View Configuration

Assess performance ¢ Overall assessment
¢ |PC assessment

¢ Branch assessment
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¢ Data access assessment
e DTLB assessment

« Misaligned access assessment

Investigate branching * Branch assessment
* Near return report

« Taken branch report

Investigate data access  Data access assessment
» Data access report

* DTLB assessment

* DTLB report

» Misaligned access assessment

Investigate instruction access * Instruction cache report
* |TLB report

Investigate L2 cache access » L2 access report

Instruction-based sampling » IBSfetch overall

 |BSfetch instruction cache

» IBSfetchinstruction TLB

« IBSfetch page trandations

« IBSAIl ops

* IBSBR branch

* IBSBRreturn

* IBSMEM all load/store

« IBSMEM dataTLB

* IBSMEM datacache

« IBSMEM forwarding and band conflicts
« IBSMEM locked ops and access by type
* IBSMEM trandations by page size

* IBSNB cache state

* IBS NB local/remote

* IBS NB request breakdown

7.5. View Configuration File Format

View configurations control the content and formatting of CodeAnalyst views. The CodeAnalyst GUI
offers predefined view configurations which can be selected by auser. View Configurations are stored
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in XML formatted files. A new customized view can be created by writing an . XML filefor the view.
Only the most advanced CodeAnalyst users should ever need to create views at the XML level. This
section describes the format and semantics of aview configuration in XML format.

7.5.1. XML File Format

A view configuration file contains a single, non-empty <view_configuration> element. This element,
in turn, contains asingle, non-empty <view> element. Thisformat allows the possihility of represent-
ing multiple views within a single configuration file. The current implementation assumes that only
one <view> will be defined in a configuration file.

The <view> element describes a view and has the following attributes:

» name: Displayable symbolic name given to the view (string)

» separate _cpus: Controls aggregation/separation by CPU (Boolean)

* separate processes. Controls aggregation/separation by process (Boolean)

» separate _threads: Controls aggregation/separation by thread (Boolean)

» default_view: Identifiesthis view as a candidate default view (Boolean)

» show_percentage: Toggle the format of the profile data shown between raw and percentage
Boolean attributes are restricted to the string values " T" and "F".

Theview's name will appear in alist of available views and should suggest the purpose of the view to
the user. The separation/aggregation attributes are optional and default to false. CodeAnalyst shows a
view after data collection, a so-called "default view." The default_view attribute is a hint to CodeAn-
alyst that the view could (or should) be selected as a default view. Please use this attribute sparingly.
The default_view attribute is optional and it's default valueis false.

7.5.1.1. <view>

A <view> element contains one each of the following elements:

<data> Describes the event data needed to show the view
<output> Describes how the event data will be shown
<tool_tip> Tool tip to be shown for the view

<description> Short description to be shown for the view

Combining these elements, a view configuration file has the overall structure shown here:

<vi ew_confi gurati on>
<vi ew name="Vi ew nane"
separate_cpus="T" separate_processes="F" separate_t hreads="F">
<dat a>
<I-- List of event data needed -->
</ dat a>
<out put >
<l-- List of "colums" to be shown -->
</ out put >
<t ool _tip>
Tool tip text
</tool _tip>
<descri pti on>
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Short descriptive text
</ descri ption>
</ vi ew>
</vi ew_configuration>

The <data> element specifies the event data that is needed to produce the view. CodeAnalyst uses
this information to determine if a view is producable from a data set and will not offer the view to
the user if it cannot be produced from available event data in the session. The <data> element must
appear before the <output> element since the <output> element makes use of identifiers which are
defined in the <data> element.

7.5.1.2. <data>

The <data> element contains one or more <event> elements. An <event> element:
* Indicatesthat event data of that particular type is needed to produce the view, and

» Defines amnemonic, symbolic identifier which is used to refer to that event data in the <output>
section of the XML file.

The <data> element may contain <event> elements for event data which is not used in the <output>
section. Such <event> elements can be used to further control the association of a view with certain
data collection configurations. For example, a view can be associated with a specific data collection
configuration by listing exactly the events measured by the data collection configuration.

7.5.1.2.1. A <event>
An <event> element has three attributes:
id: Symbolic name given to the event data
select: Event selection value (hexadecimal integer)
mask: Event selection unit mask (hexadecimal integer)

The select and mask attributes take values as specified by the definition of performance eventsin the
BIOS and Kernel Developers Guide (BKDG.) CodeAnalyst may choose to ignore the mask attribute
when selecting event data.

With respect to future expansion and enhancement, new elements like the <event> element may be
defined to accomodate new hardware performance measurement features.

7.5.1.3. A <output>

The <output> element specifies how event datawill be shown. The <output> element contains one or
more <column> elements. Each <column> element specifies a column of event datain atable. (The
notion of column may be extended to a dimension in agraphical chart.) A <column> element has the
following attributes:

title: Title or legend to be displayed along with the data (string)
sort: Controls sorting of datain the column (string)
visible: Controls column visibility (Boolean)

The title attribute is a descriptive string that is used to label the data in a table or graph. The sort
attribute specifies whether the data should be sorted or not. The sort attribute has only three permitted
values: "ascending”, "descending” and "none". At most one column should have a sort attribute of
"ascending” or "descending”; all other columns should be "none". Thevisible attributeis optional and
has the default value true. A column may be hidden by setting the visible attribute to false. Generally,

you should not need to define a hidden column.
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7.5.1.3.1. <column>

A <column> element is non-empty and contains exactly one of the following empty elements:

<value> Show the selected event data as a simple value
<sum> Show the sum of two selected event data
<difference> Show the difference of two selected event data
<product> Show the product of two selected event data
<ratio> Show theratio of two selected event data

These elements select and combine the event data to be shown in the column. A <value> element has
asingle attribute:

id: Dataidentifier to select event data

The <sum>, <difference>, <product> and <ratio> elements take two attributes:
left: Dataidentifier to select datafor the left operand

right: Dataidentifier to select datafor the right operand

In the case of <ratio>, for example, the left identifier specifies event data for the numerator and the
right identifier specifies event data for the denominator.

Note: Simple <value> elements using an event must appear before any <sum>, <ratio>, ... elements
in the <output> section that use the same event. This ordering is required by the CodeAnalyst user
interface.

With respect to future enhancement, additional elements like <sum>, etc. can be defined to combine
event data. One such addition may be a <formula> element that defines a formula to be evaluated
using event data. The formulamay use identifiers to refer to event data.

7.5.1.4. A <tool_tip>

7.5.2.

A <tool_tip> element isanon-empty XML element that contains the text of atool tip to be displayed
for the view. A <description> element is a non-empty XML element that contains the text of a short
description to be displayed for the view. Leading and trailing space is trimmed from tool tip and
description text. Spaces are compressed and new line characters are replaced by a single space.

Example XML File

Here is an example view configuration file. Note that several optional attributes are not used in the
example and they take on the appropriate default values.

<I--
Show i nstructions per cycle
Vi ew configuration
Dat e: 17 May 2006
Version: 0.1
-->

<vi ew_confi gurati on>
<vi ew name="| PC"

separ ate_cpus="F"
separ at e_processes="F"
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separat e_t hreads="F"
>

<dat a>
<event id="CPU cl ocks" select="76" mask="00" />
<event id="Ret_instructions" select="c0" nask="00" />
</ dat a>

<out put >
<colum title="Instructions" sort="none">
<val ue i d="Ret i nstructions" />
</ col um>
<columm title="Cycl es" sort="none">
<val ue id="CPU cl ocks" />
</ col um>
<columm title="1PC" sort="descendi ng">
<ratio left="Ret _instructions" right="CPU cl ocks" />
</ col um>
<columm title="CPI" sort="none">
<ratio left="CPU cl ocks" right="Ret_instructions" />
</ col um>
</ out put >

<t ool _tip>
Show i nstructions per cycle
</tool _tip>
<descri pti on>
Use this viewto find hot-spots with |ow instruction |evel paralellism
</ descri ption>
</ vi ew>

</vi ew_configuration>
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Chapter 8. Tutorial
8.1. AMD CodeAnalyst Tutorial

Thistutorial demonstrates how to use AMD CodeAnalyst to analyze the performance of an application
program. The tutorial provides step-by-step directions for using AMD CodeAnalyst. We recommend
reading the tutorial sectionsin the order listed below.

e Section 8.2, “Tutoria - Prepare Application”

» Section 8.3, “Tutorial - Creating a CodeAnalyst Project”

» Section 8.4, “Tutoria - Analysiswith Time-Based Sampling Profile’

» Section 8.5, “Tutorial - Analysis with Event-Based Sampling Profile’

» Section 8.6, “Tutoria - Analysis with Instruction-Based Sampling Profile”

e Section 8.7, “Tutoria - Profiling a Java Application”

8.1.1. Related Topics

For quick reference to options available in the CodeAnalyst workspace, See Section 2.2, “Exploring
the Workspace and GUI”

8.2. Tutorial - Prepare Application

This tutorial uses the example program that is distributed with AMD CodeAnalyst. Source code for
the example program isinstalled with CodeAnalyst. To find the source code, locate the directory into
which CodeAnayst wasinstalled and then find the sanpl es/ cl assi c directory.

The example program, classic, implements the straightforward "textbook" algorithm for matrix mul-
tiplication. Matrix multiplication is performed in the function multiply_matrices(). This function
provides an opportunity for optimization. The classic implementation takes long, non-unit strides
through one of the operand matrices. These long strides cause frequent data translation lookaside
buffer (DTLB) misses that penalize execution.

In order to prepare the example program from the tutorial,
1. Gotodirectory / pat h_t o_CodeAnal yst _source_directory/sanpl es/cl assic/.

2. At command prompt, run g++ -g -o classic classic.cpp. Thisshould compileclassic.cppintoclassic
binary with debugging information.

8.3. Tutorial - Creating a CodeAnalyst Project

Thissection demonstrateshow to create anew CodeAnalyst project. All work takes placein the context
of a CodeAnalyst project. You must either create a new project or open an existing project in order
to collect and analyze performance data. Performance data is organized and saved as a“ Session.” A
project may contain multiple sessions. Sessions are saved with a project.

1. Launch CodeAnalyst. The CodeAnayst window displays.

2. To create new project, click the Newproject icon in the toolbar or select File > New from the File
menu. A dialog box appears asking for the project name and the project location. Y ou must name
the project and you must specify its location.

123



Tutorial

i B
. Advanced Micro Devices - Code@nalyst Performance Analyzer E‘Eﬂ
Erofile Tools Windows Help

ORI . . £
B New Sy 0 N 0 0 O .|
£y Open Ctri+0

|
i Duit Ctri+0Q
[ o

£l
| | e

I

3. Enter the name of the new project into the Project Namefield.

4. Enter the path to thedirectory that will hold the new project into the Pr oj ect location field. Y oumay
also browse to the project location by clicking the Browse button next to the project location field.

5. Click OK to create the new project. A dialog box appears asking for basic session settings. The

session settings name the session to be created, control the kind of datato be collected, and specify
the application program to be launched along with its working directory.

,

Project Name: |m3,.r_pruject |

Project location: |jruutﬂAMDqudeAnalyst Browse

(8] 4 Cancel

6. Enter the name of the new session into the Template Name" field.
7. Enter the" Launch" path to the application program to be launched.

8. Enter the path to the "Working directory". You may browse to either the application program
or working directory by clicking the appropriate Browse button. This tutorial uses the example
program that isinstalled with CodeAnalyst. The profile configuration controls the method of data
collection and the kind of performance data to be collected.
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Setting Templates

,
W s

Bemove

Template Name |E:amp|e Session

General | Advance | Mote |

Launch Contral

Launch |".Frootl'classic!classic"| '*‘ Browse

Waorking directory ‘jroot hd ‘ Browse
|:| Terminate app when stop profile |:| Enable CPU Affinity I:I Select Affinity
|:| Show app in terminal |:| Enable Process Filtering Adwvance Filter

Prafile Contral

Profile duration (sec) Profile start delay (sec) I:l
|:| Stop profile when the app exits |:| Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

Assess perfarmance bt ‘ Edit
-~

Event Count Mask Name =2
0x0040 250000 0x00 Data cache accesses 2
0x0041 25000 0x00 Data cache misses a
0x0048& 25000 0x07 L1 DTLE and L2 DTLE miss -
0x0047 25000 0x00 Misaligned accesses
0x0078 250000 0x00 CPU clocks not halted (cycles) o]
s O 0 = 01 e T a TaTulal D O Clodi ol ity i | —
<| i | [+]

‘ Save ‘ ‘ Ok ‘ ‘ Cancel

9. Select Time-based profile (or another profile configuration) from the drop-down list of profile
configurations. A brief description of the profile configuration is displayed from the selected con-

figuration.
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Bemove
H

[ session Settings [
] ng

Template Name |Examp|e Session

General | Advance | Mote |

Launch Contral

Launch |".Froot.l'classic!classic" '*‘ Browse

Waorking directory ‘jroot hd ‘ Browse
[] Terminate app when stop profile [ | Enable CPU Affinity I:I
[] show app in terminal [] Enable Process Filtering

Prafile Contral

Profile duration (sec) Profile start delay (sec) I:l

|:| Stop profile when the app exits |:| Start with the profiling paused

|:| Profile the duration of the app execution

Profile Configuration

Assess perfarmance bt ‘ Edit ‘

IBS Op Maorthbridge Cache Access =
IBS Op Northbridge Services 1
|IBS Op Overall Assessment g
IBS Op Return
Instruction-based sampling
Investigate L2 cache access
Investigate branching ) [ ]
Investigate data access 3 _|—,|_
Investigate instruction access

[+

Time-based profile

10.Click the check box to the left of " Terminate the app after the profile" to select that option.
When this option is enabled, CodeAnalyst terminates the application program after collecting data.
The “Profile duration” option specifies the maximum time period for data collection.

11.Enter " 10" into the " Profile duration” field to collect datafor a maximum of 10 seconds.

12.Click " OK" to confirm the session settings. CodeAnalyst is now ready to collect data.
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Popmme 3

===

Setting Templates

Template Name |Examp|e Session

Session

General | Advance | Mote |

Launch Contral

Launch |".l'root.l'classics'classic"

hd ‘ Browse

Waorking directory ‘;’root

bt ‘ Browse

Terminate app when

[] show app in terminal

Profile Control

Profile duration (sec)

[] Stop profile when the
[] Profile the duration of

Profile Configuration

stop profile [ Enable CPU Affinity | | | Select Affinity
|:| Enable Process Filtering Adwvance Filter

app exits |:| Start with the profiling paused

the app execution

Time-based profile

» ‘ Edit

Event

Count

Mask Name

0x0078

1700000 {1 msec) 0x0

CPU clocks not halted (cycles)

+

S

Bemove

13 After the new project iscreated, it becomesthe current project with the new project name displayed
in the sessions area on the | eft side of the CodeAnalyst window. No sessions are listed under TBP

Sessions, EBP Sessions, or IBS Sessions unti

| data has been collected and processed.

14.Click on " Session Settings" in thetoolbar or select " Tools > Session Settings' to change session

settings.

8.4. Tutorial - Analysis with Time-Based Sam-

pling Profile

After creating a new project (or opening an existing project), CodeAnalyst is ready to collect and
analyze data. The currently selected profile configuration is shown in the toolbar. Y ou may choose a
different profile configuration from this list without affecting the other session settings. Thisis afast
way to collect and analyze the program from a different perspective while keeping run control options
the same. This section uses the " Time-based profile" configuration.
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r. Advanced Micro Devices - CodeAnalyst [/roct/AMD/CodeAnalyst/my_project/my_project.caw] [E' = ér
File  Profile Tools Windows Help

é @ ﬂ E é @ g @ o °| Time-based profile -
my_project.caw 1= |

;_...TBP Sessions

N
EEREE

-

Sampling Session ldle. |
L

Click the" Start" button| “ @ n o | in thetoolbar to start data collection. Y ou may also select
"Profile> Start" from the Profile menu.

r ™
. Advanced Micro Devices - CodeAnalyst [/roct/AMD/CodeAnalyst/my_project/my_project.caw] @Elﬂ
File mEindows Help
Z z @ o o | |Time-based profile w |
my_p| (@)
TB
i..EH o

R
RS

b

Sampling Session Idle. |

CodeAnalyst starts data collection and launches the application program that is specified in the ses-
sion settings. Session status is displayed in the status bar in the lower left corner of the CodeAnalyst
window. Session progressis displayed in the lower right corner.
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After data collection is complete, CodeAnalyst processes the data and displays resultsin three tabbed
panels—System Data, System Graph and Processes. A new session appears under “TBP Sessions’ in
the sessions area at the left-hand side of the CodeAnalyst window.

The System Data table displays a module-by-module breakdown of timer samples. This breakdown
shows the distribution of execution time across modules that were active while CodeAnalyst was col-
lecting data. CodeAnalyst is a system-wide profiling tool and it collects data on all active software
components. System-wide profiling assists the analysis of multi-process applications, drivers, operat-
ing system modules, libraries, and other software components. Each sample represents 1 millisecond
of execution time.

. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] I. =RRC X

W File Profile Tools Windows Help [=Ixlx]
@ =y B @ @ o o Current ime-based profile -
my_project.caw lad Al Data - Manage

%--TBPSessions

i -Example 5.
‘.. EBP Sessions

. a/| System Graph | System Tasks | D
Module Name 64-hit CPU clocks

frooticlassic/classic v 9891
Sno-vmlinus o 1225
NibGd/libc-2.5.50 o 59
Jusrflib&4/gt-3.3/lib/libgt-mt.s0.3.3.6 < 10
Nib6d/libpthread-2.5 s0 o [
NibE4Id-2.5.50 o 3
fusr/sbin/sshd o 1
Jopt/iCodeAnalyst/bin/CodeAnalyst o 1
JibEd/libcrypto.so.0.9.8e < 1

Sampling Session ldle. ||

The System Graph shows the module-by-module breakdown in a bar chart. A color key is displayed
below the graph. Scroll down to see the color key, if necessary. The modules that consume the most
execution time are the best candidates for optimization.
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i ™
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] E‘Elg
W File Profile  Tools Windows Help [=1xIlx]
- - -

E @ E E E @ g @ o °| Current time-based profile -
my_project.caw had £|A||Data - Manage
=-TBP Sessions . :
{ Examples.. Systern Data :S‘_.rstemTasks| X
‘..EBP Sessions -
Systern View - Example Session.tbp
0.00% 50.00% JUU.FU%
[root/classic/classic
2 f fno-vmlinux g
ﬁ Nlib&4/libc-2.5.50
fusrflib&dfgt-3.3/lib/libgt-mt.s0.3.3.6
flibe4/libpthread-2.5 s0
Jlib&4/1d-2.5.50
JoptiCodeAnalystbin/CodeAnalyst
Jusrfshin/sshd
| ] flibed/libcrypto.so.0.9.8e S
-
Sampling Session ldle. |

L -

The System Taskstab displays atask-by-task breakdown of timer samples. The system-idle processis

clearly identified. The example program, " classic" , issingle-threaded and fully utilizes the equival ent

of only one core.

o ™
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] E‘Elﬂ
W File Profile Tools Windows Help [=Ixl=]
-~ -~ -

i - e . .

: @ = E : : @ o o‘ Current ime-based profile w
my_project.caw 1~ I“ | All Data - e

=-TBP Sessions .

i iExamnple 5.
‘.. EBP Sessions

System Data [ System Graph | System Tasks]|

Task Name

| G4-bit

CPU clocks

froot/classic/classic
fno-wrmlinus

99432
1225

foptCodeAnalyst/bin/CodeAnalyst 20
Jusr/sbin/sshd

fshinfkillalls
fopt/CodeAnalyst/sbin/ca_oprofile_controller
fusr/sbinfhald

fusr/binfsudo

fusr/binfkdeinit
foptCodeAnalyst/binjoprofiled

T,

a5
N N NS T Y
o e e BRI R

-

Sampling Session Idle.

L |

8.4.1. Changing the View of Performance Data

The CodeAnalyst GUI offers one or more views of performance data. A view shows one or morekinds
of performance dataor computed performance measurementsthat are cal cul ated from the performance
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data. Select the current view from the drop-down list that appears directly above the result tabs. The
“Timer-based profile” view is offered for TBP data.

1. Click the "Manage" button. A dialog box appears to change aspects of the currently selected
view. (Thetutorial section on Section 8.5, “ Tutoria - Analysiswith Event-Based Sampling Profile”
revisits Section 7.3, “View Management”.)

One aspect of aview isthe separation and aggregation of performance data. An aggregated sample
count isthe sum total of the samples taken across all CPUs (processes or threads.) Aggregated data

is shown by default. Data may be separated by CPU, process, or thread using the check boxesin
the view management dialog box.

r. View Management - -'. — -y ‘i' @1

Platform name: # | View name: |}All Data i

Description

This special view has all of the data from the profile available.

Columns

Available data Columns shown
=+ CPU clocks not halted (cycles):0:0
=

Options

Separate CPUs [] separate Tasks Show Percentage

DK Cancel

2. When the Separate CPUs option is enabled for a view, CodeAnalyst displays sample data broken
out for each core. The following screen shot shows sample datafor each module by individua core.
The application program, " classic", executed on core 9 (C9).
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F ™
. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [... E@ﬂ
[ File Profile  Tools Windows Help =IxIlx]
- - -

B A A ~ ® O O ||curentimebased profie |
nr'ﬂ,r_project.ca\li g All Data - Manage
f--TBP Sessi...
- EXam... Systemn Graph | System Ta5k5| X
~EBP Sessl... Madule Name |64-0it [cPu clocks-co [ [ ]{[cruciocks-ca [cruc
froot/classic/classic v 88.34%
fno-wmlinus v 215% %obbbb0hb 0.73%
Jlibed/libc-2.5 50 o 0.04% % 4o 0.46%
2| /libE4ld-2.5.50 o 0.03%
* | | /usisbin/sshd - 6
JusrlibE4/gt-3.3libflibgt-mt.so.3.3.6 0.08% %
Jopt/CodeAnalystbin/CodeAnalyst N 0.01%
/libEd/libpthread-2.5.50 o 0.05%
flibed/libcrypto.so.0.9.8e v b
] | |
— I[+] A [»
L
Sampling Session ldle. |

3. Double-click on amodule in the " System Data" tableto drill down into the data for the module.

4. When viewing the " System Graph", double-click on a bar in the bar chart to drill down into the
corresponding module.

5. When viewing the " System Tasks", double-click on a processto drill down. A new tab is created
displaying afunction-by-function breakdown of timer examples. The distribution of timer samples
across al of the functionsin the module is shown. The functions with the most timer samples take
the most time to execute and are the best places to look for optimization opportunities.

r B
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [&amp...E@g
Wl Eile Profile  Jools Windows Help =I=]x]
- - =
B ®m A - ® @ O ||curenttimebased profil ‘|
my_project.cawi g ‘AII Data - e

- TBP Sessio...
L. Examp... Systern Data | Systern Graph | Systemn Tasks | froot/classic/classic |.Froot|'classic.fclassic -Data .
L.EBP Sessio... - _ : -
; frooticlassic/classic |« | -
C5:ElP |5'_.rmbol + Offset |CF| -:|=| r:|=| r:| c| cr| cr| r:r| Cll CPU clocks- C9 |r: -
Z.i0x400892 multiply_matricesi] 99 90%
- 0x400b3a multiply_matrices(] + Oxad 0.01%
2 2 - 0x400b1d rmultiply_matricesi] + Ox8b 0.39% Z
¢ - 0x400b1a multiply_matricesi) + 0x88 0.01% |
- 0x400B11 multiply_rmatricesi) + 0x7f 0.01%
- 0x400B0d multiply_matricesi) + 0x7b 5.00%
- 0400 aff multiply_matrices|) + Ox&d 2.54%
- Dxd00afh multiply_matricesij + 0x&9 0.03%
- 0xd00aef multiply_matricesi] + 0x5d 2.86%
- 0x400ae8 rmultiply_matricesi] + 0x56 8.83%
L - 0xd00ae0 multiply_matricesi] + Oxde 1937T% |
~1 L% [ e | [+]
Sampling Session ldle. |

6. Double-click onafunction to drill down into the datafor that function. CodeAnalyst displaysanew
tab containing the source for the function along with the number of timer samples taken for each
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line of code. A code density chart is drawn at the top of the source panel. The number of samples

for each CPU is broken out since the Separate CPUs option is still enabled.

-
. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example thp] l = | =] Ig
Wl File Profile Tools Windows Help [=][x]
z z “ i i
Z @ =y E Z Z @ ° o ‘ | Current time-based profile - |
my_project.caw hd 2 All Data hd | Manage
=-TBP Sessions -

..Example Ses..

ystem Graph | Systermn Tasks | frootfclassic/classic |.froot|’c|asswc!c|assm Data | Jclassic/classic - src - froot/classic/classic.cpp | | |

A

-.EBP Sessions |
l
f | | |
7
b

Searchfcr All - | Go Z
Address |L|ne |Source |I|I|I|I|I|I|I|I|I|I|CPU clocks- C8 |CPU clocks-[*]
| 8
“F 59inline void multiply matrices()
i 0x400a92 push  %rbp 5
..0x400893 mov %rsp, %rbp 4
60 {
61 S/ Multiply the two matrices
62 for (int 1 = 0 ; 1 < ROWS ; i+... »
I - 63 for (int § = 0 ; j < COLUMNS ; J+... 0.01% Z
64 float sum = 0.0 ; ]
65 for (int Kk = 0 ; k < C... 5.01%
| 66 sum = sum + matrix... 94.47%
67 }
68 matrix r[i] [J] = sum ; 0.40%
[ ™
LA <] e [+] |
rv] | O Instruction

Sampling Session Idle.

L ]

7. Some users may choose to hide the code density chart in order to devote more screen areawithin a
source panel to code. To hide the code density chart, select " Windows > Show Density Charts'

from the Tools menu.

- Tile

Close All
«+ Show Density charts

[l
ol

+ Example Session - Example Session.tbp

8. Click on an expand (+) square to expand and display aregion of source or assembly code, or click

on acollapse (-) square to hide aregion of source or assembly code.

Timer samples for each source line and assembly instruction are shown. The source panel shows
the program regionsthat are taking the most execution time. These hot-spots are the best candidates

for optimization.
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. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example

tbp]

E=E)

.Eile Profile  Tools Windows Help

@ =y B @ @ ° o |Currenttime-basedprofile v|

RARTIES]

my_project.caw — | All Data hd | Manage
- - TBP Sessions
...Example Ses... H | System Graph | Systern Tasks | frootfclassic/classic |Jrootﬂc|a55\ckla55ic - Data | ..[classic/classic - src - froot/classic/classic.cpp |( | )l X
FBP Sessions Search for: All b4 | Go
Address Line Source i CPU clocks-C9 | CPU cIocks-lZ‘
= 589 inline void multiply matrices()
L. 0x400892 push  %rbp 5
..0x400893 mov %rsp, %rbp 4
60 {
61 S/ Multiply the two matrices
52 for (int i = 0 ; 1 < ROWS ; i+...
63 for (int j = 0 ; j < COLUMNS ; j+... 0.01%
64 float sum = 0.0 ;
65 for (int Kk =0 ; k =< C... 5.01%
- 66 sum = sum + matrix... 94.47%
- 0x400abf mov OxfEEEEEEEEEEEEELO (Srbp) , %eax 8 4.03%
- 0x400ac2 mov OxfEEEEEEEEEEEfffe (%rbp), %edx 8 2.66%
- 0x400ach cltg 4
.. 0x400acT movslg %edk, Srdx 4
..0xd00aca imul POx3ed, Brax, Brax 4 3.02%
.. 0x400ad1 add Brde, Brax 4 51.13%
. Ox400add movss  0x6012a0(,%rax,4),%xmml f
- 0x400add mov OxfEEEfEEEEEEEfffc (%rbp), %eax 8
- 0x400ael mov OxfEEEEEEEEEEEEET4 (Srbp), %edx 8 19.37%
. 0x400ae3 cltg 4
O ANN 14 meorrel o Gacd 1l A
L |[«] | E'E
E 0 Instruction

Sampling Session Idle. I|

8.5. Tutorial - Analysis with Event-Based
Sampling Profile

8.5.1.

Thissection isabrief introduction to analysiswith event-based profiling. A CodeAnalyst project must
already be opened by following the directions under Section 8.3, “ Tutorial - Creating a CodeAnalyst
Project”, or by opening an existing CodeAnalyst project. It also assumes that session settings have
been established and CodeAnalyst is ready to profile an application.

Event-based profiling uses the hardware performance event counters to measure the number of spe-
cific kinds of events that occur during execution. Processor clock cycles, retired instructions, data
cache accesses and data cache misses are examples of events. The specific events to be measured are
determined by the profile configuration that is used to set up data collection. CodeAnalyst provides
five predefined profile configurations to collect performance data using event-based sampling. These
profile configurations are:

» Assess performance: Assess overall program performance.
» Investigate data access: Investigate how well software uses the data cache (DC).

 Investigate instruction access: Investigate how well software uses the instruction cache (IC).

Investigate L 2 cache access: Investigate how well software uses the unified level 2 (L2) cache.

Investigate branching: Identify mispredicted branches and near returns.

These profile configurations cover the most common program performance issues of interest. Later in
this section, we demonstrate how to select events and configure data collection in order to investigate
issues that are not covered by the predefined profile configurations.

Assessing Performance

A drop-down list of the available profile configurations is included in the CodeAnalyst toolbar.
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1. Select the Assess performance profile configuration. This profile configuration is a good starting
point for analysisbecauseit generatesan overview of program performance. The overall assessment
may indicate one or more potential issuesto beinvestigated in more detail by using one of the other
predefined configurations (or by using a custom profile configuration of your own).

. Advanced Micro Devices - CodeAnalyst [/roct/AMD/CodeAnalyst/my_project/my_project.caw] [ o | = ih]

File Profile Tools Windows Help

@ = E @ @ 0 o Time-based profile S

my project.caw E Assess performance
= Current event-based profile
Current instruction-based profile
Current time-based profile
IES Op Branch
IBS Op Load-5tore
IBES Op Load-Store (expert)
IBES Op Load-Store DC Miss
IBS Op Load-5tore DTLE
IES Op Load-5tore Memory ACcess |«

--TBP Sessions
‘.. EBP Sessions

[+]

Sampling Session ldle. ||

e

2. Click the Start button in the toolbar or select Profile > Start to begin profiling. CodeAnalyst starts
data collection and launches the application program that was specified in the session settings. The
session status displaysin the status bar in the lower |eft corner of the CodeAnalyst window. Session
progress displays in the lower right corner. The blank window is the console window in which the
application program, “classic” is running.

. Advanced Micro Devices - Codefnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Se... [ =S &J

[ File Profle Tools Windows Help [=Ix]lx]
S = = | @ 0O 0O | Assess performance -
n?y_project.caw Rad | Owerall assessment - | Manage ‘
+-TBP Sessions
Z.EBP Sessions Systermn Data | Systermn Graph | Systermn Task5| ’x__L
Madule Name 64-bit | CPU clocks | IPC DC missrate |DTLB L1M L2M rate Miszz
froot/classic/classic o 33098 0.548583 0.010883 0.037302
fno-vmlinux o« 5952 0142018 0.009366 0.000101
Mlib64/libc-2.5.50 o 206 1480291 0.002280
fopt/CodeAnalyst/binfoprofiled o 39 1.025641 0.002500
Jusr/lib&4/gt-3.3/lib/libgt-mt.s0.3.3.6 o« 34 0558824 0.010526
Jlibe4/libpthread-2.5.50 s 28 0.214286 0.016667
Jlibed/libcrypto.so.0.9.8e o 12 2.083333
flib&4/1d-2.5.50 o« 9 (0.555556
Jusr/lib&d/libx11l.50.6.2.0 o L
Jusr/libGd/libstdc++.50.6.0.8 o« 4 0.250000
Jusr/sbin/sshd e 3 1333333
Jusrlibedigt-3.3/plugins/styles/bluecurve.so v 2
jusrlibEdlibxft.so.2.1.2 o 1
Jusr/lib&4/libusb-0.1.50.4.4.4 v 1 1
— |Jusrlib&4/libpecsclite.s0.1.0.0 N 1 ﬂ
1 [<] |
Sampling Session Idle, ||

— = — = =

When data collection is complete, CodeAnalyst processes the performance data and creates a new
session under “EBP Sessions” in the session management area on the left side of the CodeAnalyst
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window. Results are shown in the System Data, System Graph and Processes tabs. The System Data
table, System Graph and Processes table resemble and behave like their TBP counterparts. However,
the type and number of event-based samples are shown instead of timer samples.

The Overall assessment view displays an overview of software performance. The System Data table
showsthe number of events and computed performance measurementsfor each modulethat was active
during data collection. The Overall assessment view shows:

CPU clocks: CPU clocks not halted event

* Instructions per clock cycle (IPC): Retired instructions/ CPU clocks

» DC (datacache) missrate: DC misses/ retired instructions

» DTLB (datatrandation lookaside buffer) missrate: DTLB miss/ retired instructions

» Misaligned access rate: Misaligned accesses/ retired instructions

» Mispredict rate: Retired mispredicted branch instructions/ retired instructions

In general, when the term r ate appears in acomputed performance measurement, therateis expressed
as “events per retired instruction.” A rate indicates how frequently an event is occurring. A high rate,
such as ahigh DC miss rate, may indicate the presence of a performance problem and an opportunity
for optimization.

The specific combination of events and computed performance measurements that are shown in a
table or graph are a view. CodeAnayst may offer more than one view depending upon the kinds of
data (e.g., events) that were collected. The drop-down list (immediately above the System Data tab)

containsthe available views. The All Dataview isalwaysavailable. To switchto All Dataview, select
the" All Data" view from the drop-down list.

-
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Se... l =RACN X
[ File Profile  Tools Windows Help [w]x][x]

@ & B @ @ o o |A55e55 performance v

my_project.caw

: Rad | All Data hd | Manage ‘
+-TBP Sessions

Z-EBP Sessions Systermn Data | System Graph | Systemn Tasks|

Module Name 64-bit | CPU clocks |DC accesses |DC misses | DTLE LIM LZM | Misal

33098 8706 1976 6773
G992 530 g3 1
206 101 T
39 22 1
34 9 2
28 1
1z
a

[+]

jrooticlassic/classic

/no-vmlinux

Mlib64/libc-2.5.50
Jopt/Codetnalyst/binfoprofiled
Jusr/libe4/gt-3.3/lib/libgt-mt.s0.3.3.6
Jlibed/libpthread-2.5.50
flib&4/libcrypto.so.0.9.8e
/lib64/1d-2.5.50
Jusr/lib&4/libX11.50.6.2.0
Jusr/libe4/libstdc++.50.6.0.8
Jusrishin/sshd
Jusrlib&d/at-3.3/plugins/styles/bluecurve.so
fusr/lib&d/libxft.s0.2.1.2
Jusr/lib&4/libusb-0.1.50.4.4.4

LI ls'usln'lih64;’|ibpcsc|ite.so.1.0.0 | EE
E 4

Sampling Session [dle. I|

<,

LSS

[}

A A N LU S S O O
a

o e R W B
=

8.5.2. Changing Contents of a View

CodeAnalyst provides away to change the contents of a view.
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. View Management - M1

Platform name: # | View name: | All Data

Description

This special view has all of the data from the profile available.

Columns

Available data Columns shown
Data cache misses:0:0
L1 DTLE and L2 DTLE rniss: 7:7

Misaligned accesses:0:0 I =

=+ Data cache accesses:0:0

Retired instructions:0:0

Retired branch instructions:0:0
Retired mispredicted branch instructions:

L] I

Options
[] separate CPUs [] separate Tasks [] Show Percentage

DK Cancel

. Click the M anage button to change the contents of the currently selected view. A dialog box appears
showing the name of the view, a description of the view, the available data that can be shown and
the columns (data) that are shown.

» To add datafor an event to the current view, select an event in the Available data list and click
the right arrow button.

* Toremove data for an event from the current view, select an event in the Columns shown list
and click the left arrow button.

. Remove al events except Retired instructions and Data cache assesses from the Columns shown
list.

. Click the OK button to confirm and accept the changes. After making these changes, CodeAnalyst
updates the System Data table and eliminates the columns for the event data that were removed
from the view.
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I8 Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Se... E@g

W file Profile Tools Windows Help [=Ix=]
P P -
g @ & E g é @ ° o ||A55e55pen‘ormance v|
my_project.caw Bad g | All Data - Manage ‘
+-TBP Sessions
Z-EBP Sessions Systern Data | Systern Graph | Systern Ta5k5| X
B Module Name |64-bit |DC aCCesses IRet inst R
froot/classic/classic s 8708 18157
/no-vmlinux e 530 9493
Jlib64/libc-2.5.50 s 101 307
Jopt/Codefnalystbinfoprofiled o 22 40
A1 Jusrlib&d/gt-3.3/lib/libgt-mt.so.3.3.6 o« 2] 19 2
& ; flib6d/libpthread-2.5.50 o 4 ]
| lusr/shin/sshd v 3 4
Jusr/lib&4/libX11.50.6.2.0 o« 2
Nlibe4/libcrypto.so.0.9.82 o 2 25
flib&4/1d-2.5 .50 o 2 5 L |
Jusrlib&4igt-3.3/plugins/styles/bluecurve.so < 1
Jusr/lib&d/libXrender.so.1.3.0 < 1
Jusr/libEd/libavahi-common.so.3.4.3 < 1 1
Jusr/sbin/hald '
— |fusrlibed/libXits0.2.1.2 s ||
| [fusrlib&dflibush-0.1.50.4.4.4 3 1 &
Sampling Session Idle. |
=

4. Select the | PC assessment view from the drop-down list of views.

CodeAnalyst updates the System Data table which now shows the | PC assessment view. Thisview

consists of

» The number of retired instruction samples

» The number of CPU clock samples

Theratio of instructions per clock cycle (IPC)

The ratio of clock cycles per instruction (CPl)

The ratio of instructions per clock cycle is a basic measure of execution efficiency and is a good
indicator of instruction level parallelism (ILP).

. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Se... E@g

[ File Profile Tools Windows Help [=]=][x]
é @ & E é é @ o o ||A55e55performance v|
r?y_project.caw tad g IPC assessment vl Manage ‘
+ TBP Sessions
—~EBP Sessions Systermn Data | Systemn Graph | Systemn Tasks| H
B Module Name [6a-nit [Retinst [cPU clocks [ IPC cPl | [a]
froot/classic/classic < 18157 33098 0.548583 1.822878
fno-vmlinux o EEE} 6992 0142015 7.041289
Jlib64/libc-2.5.50 o« 307 206 1490291 0.671010
Jopt!CodeAnalyst/bin/oprofiled o« 40 39 1.025641 0.975000
2l Jlibe4/libcrypto.so.0.9.8e s 25 12 2.083333 0.480000 2
i b fusrilib&d/gt-3.3/lib/libgt-mt.so.3.3.6 o 19 34 0558824 1.7589474
7 flib6d/libpthread-2.5.50 o [ 28 0.214286 4.6666G67
/libG4/1d-2.5.50 o 5 9  0.555556 1.800000
Jusr/shin/sshd o« 4 3 1333333 0.750000
Jusr/libe4/libusb-0.1.50.4.4.4 s 1 1 1 1 L |
Jusrllibedlibstdc++.50.6.0.8 o 1 4 0.250000 4
Jusrlib&dlibavahi-common.so.3.4.3 < 1 1 1 1
Jusr/sbinfhald <
Jusr/libed/gt-3.3/plugins/styles/bluecurve.so s 2
| |/usrlib&4libXrender.so.1.3.0 o ||
e |fusr/libBd/libXfts0.2.1.2 ¥4 1 hd
Sampling Session Idle. ||
(e — —
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8.5.3. Choosing Events for Data Collection

The predefined profile configurations cover the most common kinds of performance analysis. AMD
processors, however, are able to monitor a wide range of performance events.

- |
. Session Settings — - Iﬁ
Setting Templates Template Name |Example Session
Example Session
General | Advance | Note |
Session

Launch Contral

Launch |".l'root.l'classics'classic" '*‘ Browse
Waorking directory ‘;’root hd ‘ Browse

Terminate app when stop profile |:| Enable CPU Affinity Select Affinity

|:| Show app in terminal |:| Enable Process Filtering Adwvance Filter

Profile Control

Profile duration (sec) Profile start delay (sec) [0

Stop profile when the app exits |:| Start with the profiling paused
Profile the duration of the app execution

Profile Configuration

‘Current eventbased profile |- ‘ Edit

Event Count Mask MName
0x0076 1000000 0x00 CPU clocks not halted {cycles)

1. To configure data collection using events of your own choice, click on the " Session Settings"
button in the toolbar. A dialog box appears asking for session settings.

2. Choose the Current event-based profile configuration in the list of profile configurations. Y ou
may freely edit and change this profile configuration and may use this profile configuration as a
scratchpad for customized EBP configurations.

3. Click the Edit button. A dialog box appears which allowsyou to edit the“ Current EBS/IBS Profile
Configuration” dialog. The “Current event-based profile” configuration in this example already
contains the “ CPU clocks not halted” event.

4. In"Perf Counter Tab", scroll through thelist of individual eventstofind the" Retired instructions®
event. Select " Retired instructions' and click " Add Event" . The “0x00c0 Retired instructions”
event is added to the list of eventsin the configuration. Set the” Count” field to " 1,000,000" , and
click " Apply Setting" .

5. Find and select the " 0x00c1 Retired uops' event and repeat the previous step.

If you make a mistake and need to remove an event from the configuration, select the event and then
click the " Remove Event" button.
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The Event Count field specifies the sampling period for the event. The Event Count determines how
often a sample is taken for the event. If the Event Count is N, then a sample will be taken after the
occurrence of N events of that type. Use smaller Event Count values to sample an event more often.
However, more frequent sampling increases measurement overhead.

Caution: Choosethe Event Count value conservatively. Start with alarge valuefirst and then decrease
thevalue until the desired measurement accuracy isachieved. Very small values may cause the system
to hang under certain workload conditions.

6. Click OK to confirm the changes and to dismiss the dialog box.

MR £t e85 / S Profile Configuraton M |

Profile Name: | Current event-based profile A | Manage Profiles
Perf Counter | IBS Fetch | IBS Op | Import | Info |
Please select event from the list below :
Event |50urce |Name =]
0x0000 FP Dispatched FPU ops é
0x0001 FP Cycles in which the FPU is Empty L |
0x0002 FP Dispatched fast flag FPU operations
0x0003 FP Retired SS5E Ops
0x0004 FP Retired move ops
Add Events
Events in this profile configuration : Event Setting
Event |5ource |Count |Unitmas|U5r |05 |Name Count |1000000
0x0076 FR 1000000  0x00 1 1 CPU clocks not halted {cyc... Unit Masks
0x00cO FR 1000000 0x00 1 1 Retired instructions [] Reserved
0x00¢c] FR 1000000  0x00 1 1 PRetired uops
[] Reserved
[] reserved
] reserved
[] Reserved
[] Reserved
] reserved
[] Reserved
Usr
Apply Setting
Multiplexing interval {msec) I:I Bemowve Event Os
Selected Events | Description |
Save As Save Ok

7. Click the Start button in the toolbar to begin data collection, or select Profile > Start from the
Profile menu. Results are displayed in the System Data, System Graph and Processes tabs when
data collectionisfinished. A new session, “ ExampleSessionl,” is added to the list of EBP sessions
in the session management area. Notice that CodeAnalyst auto-generates new session names when
necessary.

8. Click on the System Data tab and select the All Data view from the list of available views. Three
columns display containing the number of samples taken for the CPU clocks (not halted), retired
instruction, and retired micro-op (uops) events.
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I8 Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session 01 - Example @M

W file Profile Tools Windows Help [=Ix=]
g @ & E g g @ ° o ||Current eventbased profile v|
my_project.caw Kad g All Data hd Manage
L. TBP Sessions
—-EBP Sessions Systern Graph | Systern Task5| X
E"E"amp:e gessf” Madule Name [64-bit [cPUclocks [Retinst [Retuops | ]
s EXEMple 38550 froot/classic/classic o 37824 21025 21073
[no-wmlinux o 4257 652 1068
Jlib64/libc-2.5.50 o« 118 148 183
Jopt/Codefnalystbinfoprofiled o 18 22 23
A1 Jusrlib&d/gt-3.3/lib/libgt-mt.so.3.3.6 o 12 g 2] P
& “|nib64fibpthread-2.5.s0 - 11 3 [ &
“|Mib64/1d-2.5.50 < 5 3 3
Nlibe4/libcrypto.so.0.9.8e o 2 8 i1
Jusrisbin/nald o 1
Jusrlib&d/at-3.3/plugins/styles/bluecurve.so o 1 1
JusrlibGalibusb-0.1.50.4.4.4 r 1 1 L |
/libE4/libresolv-2.5.50 - 1
Jusrisbin/sshd < 2 2
Jusrisbinfirgbalance o 1
— |fusr/libedlibstdc++.50.6.0.8 o« 1 ||
e | |fusrlib&d libpython2.4.50.1.0 v 1 e
Sampling Session Idle. |

Examine the list of available events. The predefined | PC assessment view is offered because datais
available for both the retired instruction and CPU clocks not halted events. The decision to offer a
view isdata-driven. If theright type of event data is available to display aview, CodeAnalyst offers
the view.

9. Select the " IPC assessment” view to display a module-by-module breakdown of IPC and CPI
measurements in the System Data table.

I8 ~dvanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session 01 - Example @M

W file Profile Tools Windows Help [=Ix=]
P P -
: @ E E : 4 @ ° o ||Current eventbased profile V|
O[3 T ad g IPC assessment - Manage
+-TBP Sessions
I EBP Sessions ystermn Graph|5ystemTasks| X
;- Example Session Module Name [64-bit [Retinst [cPU clacks [IPC Pl [»]
L. Example Sessio... - -
froot/classic/classic o 21025 37824 0555864 1.7959001
/no-wmlinux o« 652 4257 0153159 6529141
Jlib64/libc-2.5.50 o« 148 118 1.254237 0.797297
fopt/Codefnalystbinfoprofiled o 22 18 1222222 0.818182
A1 Jusrflib&d/gt-3.3/lib/libgt-mt.s0.3.3.6 o ] 12 0.750000 1333333 P
& “|nibs4iberypto.so.0.9.8e - 8 2 4 0.250000 &
‘| Nib&4/libpthread-2.5.50 o« 3 11 0.272727 3.66666T7
Jlib64/1d-2.5.50 o« 3 5 0.600000 1666667
Jusr/sbin/sshd o 2
Jusrisbinfirgbalance < 1
Jusr/lib&d/gt-3.3/plugins/styles/bluecurve.so o 1 1 1 1 L |
Jusr/libed/libstdc++.50.6.0.8 o 1
Jusr/libEd/libartsflow.s0.1.0.0 o« 1
/shinfkillalls o« 1
— |[/usr/shin/hald o 1 | |
| [fusrlib&4/libush-0.1.50.4.4.4 d 1 hd
Sampling Session Idle. |
L8 —

8.6. Tutorial - Analysis with Instruction-Based
Sampling Profile

Thissection isabrief introduction to using Instruction-Based Sampling (IBS). A CodeAnalyst project
must already be opened by following the directions under Section 8.3, “Tutorial - Creating a Code-
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Analyst Project”, or by opening an existing CodeAnalyst project. It also assumes that session settings
have been established and CodeAnalyst is ready to profile an application.

8.6.1. Collecting IBS Data

-
[l session Settings - @
Setting Ternplates Template Name |[Example Session |
Exa le Sessi
tarlp el General | Advance | Mote |
Session

Launch Contral

Launch |“froot/classic/classic" bt ‘ Browse

Working directary ‘Iroot bt ‘ Browse
Terminate app when stop profile |:| Enable CPU Affinity I:I Select Affinity

|:| Show app in terminal |:| Enable Process Filtering Advance Filter

Profile Control

Profile duration (sec) l:l Profile start delay (sec) I:I

Stop profile when the app exits |:| Start with the profiling paused

Profile the duration of the app execution

Profile Configuration
Assess perfarmance hd ‘ Edit ‘
Assess performance |~ =
Current event-based profile —
Current instruction-based profile ?
Current time-based profile
IBS Op Branch T |
IBES Op Load-Store
IBS Op Load-5tore (expert) =
IBS Op Load-Store DC Miss ¥

|IBS Op Load-5tore DTLE
| L |IBS Op Load-5tore Memory Access [w]
‘ Save ‘ ‘ Ok ‘ ‘ Cancel ‘
— -

1. Open "Session Setting" dialog from the toolbar or " Tools > Sesssion Settings'. In the dialog,
select the " Current Instruction-based sampling" profile configuration and click " Edit"

2. Inthe"Edit EBS/IBS Profile Configuration™ dialog, there might be some eventsin thefield "Events
inthisprofile configuration". Removeall existing events by sel ecting each event and click "Remove

Event" button.

3. Inthe " IBS Fetch" tab, select all events by pressing " Ctrl+a" on the keyboard, then click the
"Add Events' button.

4. Inthe" IBSOp" tab, select al events by pressing " Ctrl+a" on the keyboard, then click the"Add
Events' button.
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o = 5
Edit EBS / IBS Profile Configuration lﬂ
= g9 - L a—— S .
Profile Name: | Current instruction-based profile b | Manage Profiles
Perf Counter| IBS Fetch | IBS Op | Import | Info |
Please select event from the list below :
Event |50urce |Name =]
0xf100 FR IBS all op samples é
0xf101 FR |IBS tag-to-retire cycles L |
0xf102 FR |IBS completion-to-retire cycles
0xf103 FR |IBS branch op | |
0xf104 FR |IBS mispredicted branch op hd
Add Events
Ewents in this profile configuration : Ewvent Setting
Event |5ource |Count |Unitmas|U5r |05 |Name || Count |500000
Oxf000 1C 500000  0x00 0 0 IB5 all fetch sam... z IBS Op Options
0xf001 IC 500000 0x00 0 0 IBS fetch killed - Erizislz Bligm il menm mede
0xf002 IC 500000 0x00 0 0 IBS fetch atternp...
0xf003 IC 500000 0x00 0 0 IBS fetch compl... [] Reserved
0xf004 IC 500000 0x00 0 0 IBS fetch aborted [ reserved
0xf005 IC 500000 0x00 0 0 IBSL1ITLB hit
) [ reserved
0xf006 IC 500000 0x00 0 0 IB5L1ITLE miss,...
0xf007 IC 500000 0x00 0 0 IB5L1ITLE miss.... [ Reserved
0xf008 IC 500000  0x00 0 0 IBSinstruction c... D Reserved
0xf009 IC 500000  0x00 0 0 IBS instruction c... i
0xf00a Ic 500000 0x00 O 0 IBS 4K page tra... [ Reserved
0xf00b IC 500000 0x00 0 0 IBS 2M page tra... |:| Reserved
Oxf00e 1C 500000 0x00 0 0 IBS fetch latency |
0xf100 FR 500000 0x01 4] 0 IB5 all op samples|* D Usr
Apply Setting
Multiplexing interval (msec) I:I Remove Event []os
Selected Events Descn’ption|
Save As Save Ok

5. Click the " Start" button in the toolbar or select Profile > Start to begin profiling. CodeAnalyst
starts data collection and launches the application program previously specified in the session set-
tings. The session status displays in the status bar in the lower left corner of the CodeAnalyst win-
dow. Session progress displaysin the lower right corner. The blank window is the console window
in which the application program “classic” is running.

When data collection completes, CodeAnalyst processes the IBS performance data and creates a
new session under "EBP Sessions' in the session management area at the left-hand side of the
CodeAnalyst window. Results are displayed in the System Data, System Graph, and System Tasks
tabs. These tabs behave like their TBP and EBP counterparts. The tables and graph display the
number of IBS-derived events that were sampled by the performance monitoring hardware.
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8.6.2.

. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Sessio... l = | B |

Wl File Profile  Tools Windows Help [=1=][x]
@ El B @ @ o o | Current instruction-based profile | »
n_W-pijd'ci | All Data - | Manage ‘
i-TBP Se...
1.EBP Se... SystemData| System Graph | System Task5|
B Module Name G64-bit | IES all fetch |IBS all ops IBS 2M page | IBS 4K page | IBS fetch abon IBS fetch attempt |~
frooticlassic/classic s 5055 42149 8055 8055
fno-vmlinux < 471 2342 425 44 4 471
Nlib64d/libc-2.5.50 < 75 327 75 kE
fopt/Codednalyst/bin/oprofiled s 46 233 46 46
Jusrlibed/gt-3.3/lib/libgt-mt.s0.3.3.6 < 7 26 T Tl
Jlib6d/libcrypto.so.0.9.8e s ] 30 5] [
Nib64/ld-2.5 50 < 2 7 2 2
[ Jusrlib&d/libstdc++.50.6.0.8 o+ 1 3 1 1
fusr/sbin/sshd + 10
JusrlibBd/libX11.50.6.2.0 o+ 3
Jusrlib&d/libusb-0.1.50.4.4.4 o 4 L
fsbinfkillalls o+ 1
L |[fopt/CodeAnalyst/bin/CodeAnalyst o+ 1 EE
i | [z
Sampling Session Idle. |

L

Reviewing IBS Results

CodeAnalyst reports IBS performance data as " IBS-derived events'. See Instruction-Based Sam-
pling-Derived Events for descriptions of the IBS-derived events.

Although IBS derived events ook similar to performance monitoring counter (PMC) events, the sam-
pling method is quite different. PM C event samples measure the actual number of particular hardware
events that occurred during the measurement period. IBS derived events report the number of IBS
fetch or op samples for which a particular hardware event was observed. Consider the three IBS de-
rived events:

» IBSall op samples
» IBSbranch op
* |IBS mispredicted branch op

The"1BSall op samples' derived event isacount of al IBS op samples that were taken. The " IBS
branch op" derived event is the number of IBS op samples where the monitored macro-op was a
branch. These samples are a subset of al the IBS op samples. The " I1BS mispredicted branch op"
derived event isthe number of IBS op sample branches that mispredicted. These samples are a subset
of the IBS branch op samples. Unlike PMC events that count the actual number of branches (event
select 0x0C2), it would beincorrect to say that the" IBS branch op" derived event reportsthe number
of branches. The sampling basisis different.

The "All Data" view shows the number of occurrences of al IBS derived events. Instruction-Based
Sampling collects a wide range of performance data in a single run. For instance, when all dervied
eventsfrom both IBSfetch and op dataare collected, the" All Data" view displaysinformation for over
60 |BS derived events. However, thisis not recommended sinceit could potentially introduce overhead
when processing the profile data. CodeAnalyst provides several predefined views that display I1BS
derived eventsin logically-related groups. The available views are:

IBS All ops: Breakdown of al IBS op samples by major type

IBS BR branch: Detailed information about branch operations

IBS BR return: Detailed information about subroutine return operations

IBSMEM all load/store: Breakdown of memory access operations by major type
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IBS MEM data TLB: Detailed information about data trandation lookaside buffer (DTLB) be-
havior

IBSMEM data cache: Detailed information about data cache (DC) behavior

IBSMEM forwarding and bank conflicts: Detailed information about store-to-load dataforward-
ing and bank conflicts

IBSMEM locked opsand access by type: Detailed information about locked operations and UC/
WC memory access

IBSMEM translations by page size: Breakdown of DTLB address translations by page size

IBS NB cache state: Detailed information about the L3 cache state when the L3 cache services a
Northbridge request

IBSNB local/remoteaccess: Breakdown of local and remote memory accessesviathe Northbridge
IBS NB request breakdown: Breakdown of requests made through the Northbridge

IBS fetch instruction TLB: Detailed information about instruction translation lookaside buffer
(ITLB) behavior

IBSfetch instruction cache: Detailed information about instruction cache (1C) behavior
IBSfetch overall: Breakdown of attempted, killed, completed, and aborted fetch operations

IBSfetch page tranglations: Breakdown of ITLB address trandations by page size

Most software developers will be interested in the overall breakdown of IBS ops, branch operations,
load/store operations, data cache behavior, and data translation lookaside buffer behavior. The break-
down of local/remote accesses through the Northbridge can provide information about the efficiency
of memory access on non-uniform memory access (NUMA) platforms.

1. Select " IBSfetch instruction cache" from the drop-down list of views.

IBS information about instruction cache behavior is displayed. IC-related IBS derived events are
shown, including the number of IBS fetch samples for attempted and completed fetch operations,
the number of fetch samples which indicated an IC miss, and the total IBS fetch latency. An at-
tempted fetch isarequest to obtain instruction datafrom cache or system memory. A fetch attempt
may be speculative. A completed fetch actually delivers instruction data to the decoder. The de-
livered data may go unused if the branch operation redirects the pipeline at a later time. Finally,
the view also includes two computed performance measurements—the |C miss ratio (the number
of IBS IC misses divided by the number of IBS attempted fetches) and the average fetch latency.
Fetch latency is the number of cycles from when a fetch is initiated to when the fetch is either
completed or aborted. (An aborted fetch is a fetch operation that does not complete and deliver
instruction data to the decoder.)
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2. Select IBS All ops from the drop-down list of views.

The"IBSAIl ops' view displays. Thisview isan overall summary of the collected IBS op samples.
It showsthetotal number of IBS op samples, the number of op samplestaken for branch operations,
and the number of samples for ops that performed a memory load and/or store operation. Tag-to-
retiretimeisthe number of cyclesfrom when an op was selected (tagged) for sampling to when the
op retired. Completion-to-retire time is the number of cycles from when an op completed (finished
execution) to when the op retired. Total and average tag-to-retire and completion-to-retire times
are shown in the next view.

r )
. Advanced Micro Devices - Codefnalyst [/root/AMD/Codefnalyst/my_project/my_project.caw] ... E‘Elﬂ
[ File Profile Tools Windows Help [=Ixlx]
Z 7 Z
BRAH BAEEJOE © 0 O] -]

WELEGEITHD || | IBS All ops »| Manage
prTBPSes.. | | | e

| 2-EBP Ses... 5y5temData| Systern Graph | Systerm Task5|

I e | Module Name |54-bit |||35 all ops |||35 BR |||35 load/store | IBS tag-to-ret

| froot/classic/classic o 42147 2003 20060 4103887

L fno-vmlinux o+ 2281 265 743 312061

flibedlibc-2.5 50 o 311 15 113 9874

b fopt/CodeAnalystbinfoprofiled o 193 36 al 7309

- 3’ Jusrllibed/gt-3.3/lib/libgt-mt.so.3. 3.6 o 22 5 11 530
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= | B|

Sampling Session Idle. |
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3. Select the"IBS MEM data cache" view from the drop-down list of views.

The"IBS MEM data cache" view is displayed. This view shows information related to data cache
(DC) behavior. The number of sampled IBS|oad/store operationsis shown along with abreakdown
of the number of loads and the number of stores. The number of IBS samples where the load/
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store operation missed in the data cache is shown. The DC miss rate (DC misses divided by the
total number of op samples) and DC miss ratio (DC misses divided by the number of load/store
operations) are also displayed.

-
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W file Profile Tools Windows Help [=Ix=]
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“|[fusr/sbin/sshd < 1 1
fusrllibe4/libusb-0.1.50.4.4 .4 o 1 1
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—1 <] 0z | [+
b4
Sampling Session Idle. |

4. Select the"IBS MEM data TLB" view from the drop-down list of views.

The"IBSMEM data TLB" view isdisplayed. This view shows information related to data tranda-
tion lookaside buffer (DTLB) behavior. The number of sampled IBS|oad/store operationsis shown
along with abreakdown of the number of load operations and the number of store operations. AMD
processors use a two-level DTLB. Address translation may hit in the L1 DTLB, missin the L1
DTLB and hitinthe L2 DTLB ("L1M L2H"), or missin both levels of the DTLB ("L1M L2M".)
The performance penalty for amissin both levelsisrelatively high. Nearly half of the sampled |oad/
store operationsincurred amissed at both levelsof the DTLB. Thisisthe performance culpritin the
sample program, classic, which performs a "textbook™ implementation of matrix multiplication.

-
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8.6.3. Drilling Down Into IBS Data

In order to find the source of the performance issue in the example program, we need to drill down
into the classic module.

1. Double-click on the module name classic in the System Datatable.

A list of functionswithin classic is displayed with the IBS information for each function. CodeAn-
alyst retainsthe "IBS MEM data TLB" view. The function "multiply_matrices" has the most |oad/
store activity and incurs the bulk of the DTLB misses.

r ~
. Advanced Micro Devices - CodeAnalyst [/root/AMD/CodeAnalyst/my_project/my_project.caw] - [Example Session - Example Se... l =R X
[ File Profile Tools Windows Help [=]x]lx]

@ & B @ @ o o | Current instruction-based profile |
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Z-EBP Sessions Systermn Data | Systermn Graph | Systemn Tasks | froot/classic/classic - Data | X
.. Example. ..
D B
CS:EIP Symbol + Offset IBS loadfstore | IBS load | IBS store IBS DTLE L1M LZH|IES DTLE L1M L2 L1N
%--0:400392 multiply_matrices() 20012 18008 2004 404 1501
%--0:4008&4 initialize_matrices() 47 29 18
e 0400628 Unknown Sample 1 1
[«] 2]
Sampling Session [dle. I|

2. Double-click on the function multiply_matrices in the Module Data table, i.e., the table of func-
tions within classic.

The source codefor thefunction "multiply _matrices" isdisplayed with the IBSinformation for each
source line in the function. Most load/store activity occurs at line 66, which is the statement within
the nested loops. Thisisthe statement that reads an element from each of the two operand matrices
and computes the running sum of the product of the elements. The DTLB misses are caused by the

large strides taken through matrix_b. With nearly every iteration the program touches a different
page, thereby causing amissinthe DTLB.
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3. Click the expand box " +" to the left of line 66

The disassembled instructions for source line 66 are displayed along with the IBS datafor each in-
struction. |BS load/store information is attributed to each instruction that performs either amemory
read or write operation. Sources of performance-robbing DTLB misses are precisely identified.
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- 0x400b08 movss  Sxmm0, OxfEEEFEEFFEEEEEEa (Srbp) f.. 2000 2000
- 0400004 addss  %xmml, %xmmO £..
Ox400afp mulss  %xmm0, Sxmml f..
67 1 [+]
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4. Select IBS BR branch from the drop-down list of views.

The"IBS BR branch" view displays. This view shows the number of IBS branch op samples and
indicatesif the branch operation mispredicted and/or wastaken. Notethat only the conditional jump
instruction at the end of the innermost loop is marked as a branch instruction. This example further
illustrates the precision offered by Instruction-Based Sampling.
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8.7. Tutorial - Profiling a Java Application

This section demonstrates how to analyze a Java program using atime-based profile. The application
program used in this section is the SciMark 2.0 benchmark from the National Institute of Standards
and Technology (NIST). Source codefor the benchmark can be downloaded from http://math.nist.gov/
scimark?2/scimark2src.zip. You will need a Java compiler in order to compile the benchmark. Code-
Analyst supports both the Sun Microsystems and IBM versions of the Java Virtual Machine (JVM).

Before starting, ensure that a CodeAnalyst project isopen and ready for use. The Section 8.3, “ Tutorial
- Creating a CodeAnalyst Project” demonstrates how to create a new project.

1. Click the" New" button in the toolbar or select " File > New" from the file menu to create a new
project, or click the " Open" button in the toolbar to open an existing project or select " File >
Open" from the file menu. The session settings are slightly different for a Java application.

2. With an open CodeAnalyst project, select " Time-based profile” fromthedrop-down list of profile
configurations in the tool bar.
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3. Click the " Session Settings" button in the toolbar to change the session settings. You may alter-
nately select " Tools > Session Settings' from the file menu. A dialog box appears asking for ses-
sion settings.

4. Change the session name to " JavaSession" . Java programs are executed by the VM, which is
started by the Java application launcher tool ("/path-to-java-installation/bin/java’).

5. In the "Launch" field, enter the path / pat h-to-j ava-install ati on/bin/java or
browseto it by clicking the " Browse" button located next to the Launch field.

6. After the pathtojava, enterj nt . sci mar k2. conmandl i ne (the name of the Java application
program to be launched).

Note: CodeAnalyst automatically checksfor the Java application launcher tool and inserts the pro-
filing agent library with option -agentpath into the Launch field. You do not need to enter this
option yourself. The agent connects the VM to CodeAnalyst.

7. Enter the path to the working directory, or browse to the working directory by clicking the
" Browse") button next to the working directory field.

8. Ensure the checkbox is selected to enable " Terminate the app after the profile”, " Stop data
collection when the app exits', and " Profile the duration of the app execution" options. Code-
Analyst collects data for the entire duration of the benchmark run. Click " OK" to confirm the
session settings and to dismiss the dialog box.
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F ™
Session Settings =
£ car . |

Setting Templates Template Name |javaSession |

General | Advance | Mote |

Launch Contral

Launch |Fbim‘java"-agentpath:Joptl'CodeAnaI:-fst.l'Iib!libCA]VMTIAM.sojnt.sc '*‘ Browse

Waorking directory ‘jsandbom’Scimarkz_java,f hd ‘ Browse

Terminate app when stop profile [ | Enable CPU Affinity I:I
[] show app in terminal [] Enable Process Filtering

Prafile Contral

Profile duration (sec) I:l Profile start delay (sec) I:l

Stop profile when the app exits |:| Start with the profiling paused

Profile the duration of the app execution

Profile Configuration

Time-based profile bt ‘ Edit

Event Count Mask Name
0x0076 1700000 {1 msec) 0x0 CPU clocks not halted (cycles)

9. Click the" Start" button in the toolbar, or select " Profile > Start" from the menu.

CodeAnayst starts data collection and launches the Java application program through the Java
application launcher tool. When the benchmark program terminates and data collection is finished,
CodeAnalyst displays results in three tabbed panels System Data, System Graph and Processes.
The System Datatabl e shows a modul e-by-modul e breakdown of timer samples. Each timer sample
represents approximately 1 millisecond of execution time (when using the default timer interval
of 1 millisecond).

8.7.1. Reviewing Results

The target java application (jnt.scimar k2.commandline(11883))is shown along with the tgid in the
"Module Name" column.
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The System Graph shows the modul e-by-module breakdown of timer samples in the form of a bar
chart.
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A = —

The Processes table displays the distribution of timer samples across the software processes that were
active during data collection. CodeAnalyst monitors activity on a system-wide basis. It collects data
on any active software component application programs, libraries, device drivers or kernel modules.
Time spent idle is ascribed to the system-idle process.
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1. Double-click on the module jnt.scimark2.commandline to drill down into the performance data
for the benchmark program. CodeAnalyst displays a new tabbed panel containing a function-by-
function breakdown of timer samples. Use this table to identify functions that consume the most
execution time. The hottest functions are the best candidates for optimization.
-
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2. Expand the line " jnt/scimark2/SOR::execute", and double-click on the offset with the highest
number of samples (0x00002aaaab6a3230 in this example) to drill down into the function.

CodeAnalyst displays a new tabbed panel containing the annotated assembly code for the function
SOR::execute. The number of timer samples for each instruction is shown.
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Note: CodeAnalyst Linux® does not provide source view for Javaapplication. CodeAnalyst monitors
the execution of just-in-time (JI'T) compiled code.
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8.7.2. Launching a Java Program from the Command

Line

Y ou may also use CodeAnalyst to collect data on a Java program (or any other application program)
that is launched from a command line. This is sometimes more convenient than launching the appli-
cation from within CodeAnalyst.

1. Click the " Session Settings' button in the toolbar to change the session settings or, aternately,
select " Tools > Session Settings' from the menu. A dialog box appears asking for changes to the

session settings.

2. Leavethe" Launch" and" Workingdirectory" fieldsempty. CodeAnalyst disablesthe Stop data
collection when the app exits and Profile the duration of the app execution options.

3. Change the Profile duration field to 40 seconds.

4. Click OK to confirm the changes and to dismiss the dialog box.
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5. Click the Start button in the toolbar or select " Profile> Start" from the menu. CodeAnalyst starts
to collect data and will do so for the next 40 seconds as specified by the Profile duration field in
the session settings dialog box.

6. At the shell command line, enter the following command to start the benchmark program:
java -agentpath:/opt/CodeAnalyst//bin/libCAJVMTIA64.s0 jnt.scimark2.commandline

Y ou must use the CodeAnalyst profiling agent that is appropriate for the VM. After 40 seconds
has expired, CodeAnalyst stops data collection and displays results in its workspace.

Some versions of the VM have deprecated the use of the -XrunCAJVMPIA option. Java -X
options are non-standard and are subject to change without notice.
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Chapter 9. Performance Monitoring

Events

9.1. Performance Monitoring Events (PME)

AMD processors provide many performance monitoring events to help analyze the performance of
programs. The performance monitoring events available for use depend upon the underlying AMD
processor which executes the program or system under analysis. Each processor family (and possibly
revision within afamily) offersaspecific range of performance monitoring events. Usethelinksbelow
to browse the performance monitoring events for each specific processor family.

» BIOS and Kernel Developer's Guide (BKDG) For AMD Family 11h Processor
[http://support.amd.com/us/Processor_TechDocs/41256.pdf]

» BIOS and Kernel Developer's Guide (BKDG) For AMD Family 10h Processor
[http://support.amd.com/us/Processor_TechDocs/31116.pdf]

* BIOS and Kernel Developer's Guide for AMD Athlon™ and AMD Opteron™ Processors (Rev.

A-E)

http://support.amd.com/us/Processor_TechDocs/26094.PDF

» BIOS and Kernel Developer's Guide for AMD NPT Family OFh Processors (Rev. F-G)
http://support.amd.com/us/Processor_TechDocs/32559. pdf

» Section 9.3, “Instruction-Based Sampling Derived Events’

9.2. Unit masks for PMESs

The following three tables show how to construct a unit mask and express combinations of unit masks

for agiven event.

Unit Mask [bits 15:8]

Mask as Shown in Event Table
(bit position in mask)

Unit Mask Hex Value in
Event:Unit Mask

XXXX_XXX1 0 0x0001
XXXX_XX1X 1 0x0002
XXXX_XIXX 2 0x0004
XXXX_IXXX 3 0x0008
XXX1 XXXX 4 0x0010
XXX XXXX 5 0x0020
XXX XXXX 6 0x0040
Reserved

Unit Mask [bits 15:8]

Combined Masks (combined
bit positions)

Unit Mask Hex Value in
Event: Unit Mask

XXXX_Xx11 Oand1 0x0003
XXXX_X1x1 Oand2 0x0005
XXXX_X11X land?2 0x0006
XXXX_X111 Oandland?2 0x0007
XXX1 Xx1X land 4 0x0012
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Performance Monitoring Events

Unit Mask [bits 15:8] Combined Masks (combined|Unit Mask Hex Value in
bit positions) Event: Unit Mask
xxx1 x1x1 Oand2and 4 0x0015
xxx1 1111 Oand1and2and 3and 4 Ox001F
Event Unit Mask Description Event: Unit Mask
0x41 Data cache refill from
L2
0 Invalid cache state  |0x4101
1 Shared cache state 0x4102
2 Exclusive cache state |0x4104
3 Owner cache state 0x4108
4 Modified cache state |0x4110
All of the above All MOES! states 0x411F
Oandland3 Invalid and Shared and|0x410B
Owner states

9.3. Instruction-Based Sampling Derived
Events

This section describes the derived events for Instruction-Based Sampling (IBS.) IBS is available on
AMD Family 10h processors.

9.3.1. IBS Fetch Derived Events
9.3.1.1. Event 0xF000

Abbreviation: IBS fetch

The number of all IBS fetch samples. This derived event counts the number of all IBS fetch samples
that were collected including IBS-killed fetch samples.

9.3.1.2. Event OxF001

Abbreviation: 1BS fetch killed

The number of IBS sampled fetches that were killed fetches. A fetch operation iskilled if thefetch did
not reach ITLB or IC access. The number of killed fetch samplesis not generally useful for analysis
and are filtered out in other derived IBS fetch events (except Event Select 0xFO00 which counts all
IBS fetch samplesincluding IBS killed fetch samples.)

9.3.1.3. Event 0xF002

Abbreviation: IBS fetch attempt

The number of IBS sampled fetches that were not killed fetch attempts. This derived event measures
the number of useful fetch attempts and does not include the number of IBSkilled fetch samples. This
event should be used to compute ratios such as the ratio of IBS fetch |C misses to attempted fetches.

The number of attempted fetches should equal the sum of the number of completed fetches and the
number of aborted fetches.
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9.3.1.4. Event OxF0O03

Abbreviation: IBS fetch comp

Thenumber of IBS sampled fetchesthat completed. A fetchiscompleted if the attempted fetch delivers
instruction data to the instruction decoder. Although the instruction data was delivered, it may still
not be used (e.g., the instruction data may have been on the "wrong path" of an incorrectly predicted
branch.)

9.3.1.5. Event OxF004

Abbreviation: IBS fetch abort

The number of IBS sampled fetches that aborted. An attempted fetch is aborted if it did not complete
and deliver instruction datato the decoder. An attempted fetch may abort at any point in the process of
fetching instruction data. An abort may be due to a branch redirection as the result of a mispredicted
branch.

The number of IBS aborted fetch samplesisalower bound on the amount of unsuccessful, speculative
fetch activity. It is alower bound since the instruction data delivered by completed fetches may not
be used.

9.3.1.6. Event OxFO005

Abbreviation: IBSL1 ITLB hit

The number of IBS attempted fetch samples where the fetch operation initially hit in the L1 ITLB
(Instruction Translation Lookaside Buffer).

9.3.1.7. Event OxFO006
Abbreviation: IBSITLB L1M L2H

The number of IBS attempted fetch samples where the fetch operation initially missed inthe L1 ITLB
and hitinthe L2 ITLB.

9.3.1.8. Event OxFO07

Abbreviation: IBSITLB L1M L2M

The number of 1BS attempted fetch samples where the fetch operation initially missed in both the L1
ITLB andthe L2 ITLB.

9.3.1.9. Event OxF008

Abbreviation: IBSIC miss

The number of IBS attempted fetch samples where the fetch operation initially missed in the IC (in-
struction cache).

9.3.1.10. Event OxFO09

Abbreviation: IBSIC hit

The number of 1BS attempted fetch samples where the fetch operation initially hit in the IC.

9.3.1.11. Event OxFOOA

Abbreviation: IBS 4K page
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The number of IBS attempted fetch samples where the fetch operation produced a valid physical
address (i.e., address tranglation completed successfully) and used a 4-KByte page entry in the L1
ITLB.

9.3.1.12. Event OxF0O0B
Abbreviation: IBS 2M page
The number of IBS attempted fetch samples where the fetch operation produced a valid physical

address (i.e., address translation completed successfully) and used a 2-MByte page entry in the L1
ITLB.

9.3.1.13. Event OxFOOE

Abbreviation: IBSfetch lat

Thetotal latency of all IBS attempted fetch samples. Dividethetotal |BSfetch latency by the number of
IBS attempted fetch samplesto obtain the average latency of the attempted fetches that were sampled.

9.3.2. IBS Op Derived Events

9.3.2.1. Event OxF100
Abbreviation: IBS all ops
The number of al IBS op samples that were collected. These op samples may be branch ops, resync
ops, ops that perform load/store operations, or undifferentiated ops (e.g., those ops that perform arith-
metic operations, logical operations, etc.).
IBS collectsdatafor retired ops. No datais collected for opsthat are aborted dueto pipelineflushes, etc.

Thus, all sampled ops are architecturally significant and contribute to the successful forward progress
of executing programs.

9.3.2.2. Event OxF101
Abbreviation: IBS tag-to-ret

The total number of tag-to-retire cycles across al IBS op samples. The tag-to-retire time of an op is
the number of cycles from when the op was tagged (selected for sampling) to when the op retired.

9.3.2.3. Event OxF102

Abbreviation: IBS comp-to-ret

The total number of completion-to-retire cycles across al 1BS op samples. The completion-to-retire
time of an op isthe number of cycles from when the op completed to when the op retired.

9.3.3. IBS Op Branches Derives Events

9.3.3.1. Event OxF103
Abbreviation: IBSBR
The number of IBSretired branch op samples. A branch operation isachangein program control flow

and includes unconditional and conditional branches, subroutine calls and subroutine returns. Branch
ops are used to implement AMD64 branch semantics.
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9.3.3.2. Event OxF104

Abbreviation: IBS misp BR

The number of IBS samples for retired branch operations that were mispredicted. This event should
be used to compute the ratio of mispredicted branch operations to all branch operations.

9.3.3.3. Event OxF105
Abbreviation: IBS taken BR

The number of IBS samples for retired branch operations that were taken branches.

9.3.3.4. Event OxF106
Abbreviation: IBS misp taken BR

The number of IBS samples for retired branch operations that were mispredicted taken branches.

9.3.3.5. Event OxF107
Abbreviation: IBSRET

The number of IBS retired branch op samples where the operation was a subroutine return. These
samples are a subset of all IBS retired branch op samples.

9.3.3.6. Event OxF108
Abbreviation: IBS misp RET

The number of IBS retired branch op samples where the operation was a mispredicted subroutine
return. This event should be used to compute the ratio of mispredicted returnsto all subroutinereturns.

9.3.3.7. Event OxF109

Abbreviation: IBS resync

The number of IBS resync op samples. A resync op is only found in certain microcoded AMD64
instructions and causes a compl ete pipeline flush.

9.3.4. IBS Op Load-Store Derived Events
9.3.4.1. Event 0xF200

Abbreviation: IBS load/store
The number of IBS op samples for ops that perform either aload and/or store operation.

An AMDG64 instruction may be trandated into one ("single fastpath"), two ("double fastpath"), or
several (“vector path") ops. Each op may perform aload operation, a store operation or both a load
and store operation (each to the same address). Some op samples attributed to an AMD64 instruction
may perform aload/store operation while other op samples attributed to the same instruction may not.
Further, some branch instructions perform load/store operations. Thus, amix of op sample types may
be attributed to a single AM D64 instruction depending upon the ops that are issued from the AMD64
instruction and the op types.

9.3.4.2. Event 0xF201

Abbreviation: 1BS load
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The number of IBS op samples for ops that perform aload operation.

9.3.4.3. Event 0xF202

Abbreviation: I1BS store

The number of IBS op samples for ops that perform a store operation.

9.3.4.4. Event 0xF203
Abbreviation: IBSL1 DTLB hit

The number of IBS op samples where either aload or store operation initially hit inthe L1 DTLB
(data tranglation lookaside buffer).

9.3.4.5. Event OxF204
Abbreviation: IBSDTLB L1M L2H

The number of IBS op samples where either aload or store operation initially missedinthe LLDTLB
and hitinthe L2 DTLB.

9.3.4.6. Event 0xF205
Abbreviation: IBSDTLB L1M L2M

The number of IBS op samples where either aload or store operation initially missed in both the L1
DTLB andthe L2 DTLB.

9.3.4.7. Event OxF206
Abbreviation: IBS DC miss

The number of IBS op sampleswhere either aload or store operation initially missed in the data cache
(DC).

9.3.4.8. Event OxF207

Abbreviation: IBS DC hit

The number of IBS op samples where either aload or store operation initially hit in the data cache
(DC).

9.3.4.9. Event 0xF208

Abbreviation: IBS misalign acc

The number of IBS op samples where either aload or store operation caused amisaligned access (i.e.,
the load or store operation crossed a 128-bit boundary).

9.3.4.10. Event OxF209
Abbreviation: IBS bank conf load

The number of IBS op samples where either aload or store operation caused a bank conflict with a
load operation.

9.3.4.11. Event OxF20A

Abbreviation: I1BS bank conf store
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The number of IBS op samples where either aload or store operation caused a bank conflict with a
store operation.

9.3.4.12. Event OxF20B
Abbreviation: I1BS forwarded

The number of IBS op sampleswhere datafor aload operation was forwarded from a store operation.

9.3.4.13. Event OxF20C
Abbreviation: IBS cancelled

The number of IBS op samples where data forwarding to aload operation from a store was cancelled.

9.3.4.14. Event OxF20D

Abbreviation: IBS UC mem acc

The number of IBS op samples where aload or store operation accessed uncacheable (UC) memory.

9.3.4.15. Event OxF20E
Abbreviation: IBS WC mem acc

The number of IBS op samples where aload or store operation accessed write combining (WC) mem-
ory.

9.3.4.16. Event OxF20F

Abbreviation: IBS locked op

The number of I1BS op samples where aload or store operation was alocked operation.
9.3.4.17. Event OxF210

Abbreviation: IBS MAB hit

The number of IBS op samples where aload or store operation hit an already allocated entry in the
Miss Address Buffer (MAB).

9.3.4.18. Event OxF211
Abbreviation: IBSL1 DTLB 4K

Thenumber of IBS op sampleswhereaload or store operation produced avalid linear (virtual) address
and a 4-KByte page entry inthe L1 DTLB was used for address translation.

9.3.4.19. Event OxF212
Abbreviation: IBSL1 DTLB 2M

Thenumber of IBS op sampleswhere aload or store operation produced avalid linear (virtual) address
and a 2-MByte page entry inthe L1 DTLB was used for address trandl ation.

9.3.4.20. Event OxF213

Abbreviation: IBSL1DTLB 1G
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Thenumber of IBS op sampleswhereaload or store operation produced avalid linear (virtual) address
and a 1-GByte page entry in the L1 DTLB was used for address tranglation.

9.3.4.21. Event OxF215
Abbreviation: IBSL2 DTLB 4K

Thenumber of IBS op sampleswhereaload or store operation produced avalid linear (virtual) address,
hit the L2 DTLB, and used a 4 KByte page entry for address trandation.

9.3.4.22. Event OxF216
Abbreviation: IBSL2 DTLB 2M

Thenumber of IBS op sampleswhereaload or store operation produced avalid linear (virtual) address,
hit the L2 DTLB, and used a 2-MByte page entry for address translation.

9.3.4.23. Event OxF219
Abbreviation: IBSDC load lat

The total DC miss latency (in processor cycles) across all IBS op samples that performed aload op-
eration. The miss latency is the number of clock cycles from when the data cache miss was detected
to when data was delivered to the core. Divide the total DC miss latency by the number of sampled
load operations to obtain the average DC miss latency.

9.3.5. IBS Op Northbridge Derived Events
9.3.5.1. Event 0xF240

Abbreviation: IBSNB local
The number of IBS op samples where a load operation was serviced from the local processor.

Northbridge IBS datais only valid for load operations that missin both the L1 data cache and the L2
data cache. If aload operation crosses a cache line boundary, then the IBS data reflects the access
to the lower cacheline.

9.3.5.2. Event OxF241

Abbreviation: IBS NB remote

The number of IBS op samples where a load operation was serviced from a remote processor.
9.3.5.3. Event OxF242

Abbreviation: IBSNB local L3

The number of IBS op samples where aload operation was serviced by the local L3 cache.
9.3.5.4. Event OxF243

Abbreviation: IBS NB local cache

The number of IBS op samples where aload operation was serviced by a cache (L1 data cache or L2
cache) belonging to alocal core which isasibling of the core making the memory request.

9.3.5.5. Event OxF244

Abbreviation: IBS NB remote cache
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The number of IBS op samples where a load operation was serviced by aremote L1 data cache, L2
cache or L3 cache after traversing one or more coherent HyperTransport™ links.

9.3.5.6. Event OxF245
Abbreviation: IBS NB loca DRAM

The number of IBS op samples where aload operation was serviced by loca system memory (local
DRAM viathe memory controller).

9.3.5.7. Event OxF246
Abbreviation: IBS NB remote DRAM

The number of IBS op samples where aload operation was serviced by remote system memory (after
traversing one or more coherent HyperTransport links and through a remote memory controller).

9.3.5.8. Event OxF247

Abbreviation: IBS NB local other

The number of IBS op sampleswhere aload operation was serviced from local MMIO, configuration
or PCI space, or from the local APIC.

9.3.5.9. Event OxF248

Abbreviation: IBS NB remote other

Thenumber of IBS op sampleswhere aload operation was serviced from remote MMIO, configuration
or PCI space.

9.3.5.10. Event OxF249

Abbreviation: IBS NB cache M

The number of IBS op samples where aload operation was serviced from local or remote cache, and
the cache hit state was the Modified (M) state.

9.3.5.11. Event OxF24A

Abbreviation: IBS NB cache O

The number of IBS op samples where aload operation was serviced from local or remote cache, and
the cache hit state was the Owned (O) state.

9.3.5.12. Event OxF24B

Abbreviation: IBSNB local lat

The total data cache miss latency (in processor cycles) for load operations that were serviced by the
local processor.

9.3.5.13. Event OxF24C

Abbreviation: IBS NB remote lat

The total data cache miss latency (in processor cycles) for load operations that were serviced by a
remote processor.
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Chapter 10. Support

10.1. Enhancement Request

Please email the following information about a desired enhancement or change to
CodeAnalyst.support@amd.com [mailto: CodeAnalyst.support@amd.com]:

 Statewhich version of AMD CodeAnalyst you are using. Choose Help > About to view the About
AMD CodeAnalyst dialog box.

* Describe the desired enhancement or change.

* Indicate to us how important thisis to you using a scale of 1 to 5 where 1 is most important and
5 least important.

10.2. Problem Report

If aproblem isfound, take the following action:

1. Run careport.sh script which islocated in CodeAnalyst root directory of the source tree, or /opt/
CodeAnalyst/bin/careport.sh. This script will generate areport file called CAReport.txt.

2. Please provide the following information:

Give adescription of the problem or issue.

Briefly describe the steps or sequence of events leading to the observation.
State how frequently problem occurred.

Describe the messages AMD CodeAnalyst displayed.

Statewhich version of the AMD CodeAnalyst wasused (under Help > System I nfo or opcontr ol
--version).

Describe the application analyzed.

3. Please send the report file (CAReport.txt) in step 1 and information in step 2 to
CodeAnalyst.support@amd.com [mailto: CodeAnalyst.support@amd.com].
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Appendix A. GNU General Public
License

Version 2, June 1991
Copyright © 1989, 1991 Free Software Foundation, Inc.

Free Software Foundation, Inc.
51 Franklin Street, Fifth Floor,
Boston, MA 02110-1301
USA

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing
itisnot alowed.
Version 2, June 1991

A.l1. Preamble

The licenses for most software are designed to take away your freedom to share and change it. By
contrast, the GNU General Public Licenseisintended to guarantee your freedom to share and change
free software - to make sure the softwareis free for all its users. This General Public License applies
to most of the Free Software Foundation's software and to any other program whose authors commit
to using it. (Some other Free Software Foundation software is covered by the GNU Library General
Public Licenseinstead.) Y ou can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our General Public Licenses
are designed to make sure that you have the freedom to distribute copies of free software (and charge
for thisserviceif youwish), that you receive sourcecodeor can get it if youwant it, that you can change
the software or use pieces of it in new free programs; and that you know you can do these things.

To protect your rights, we need to make restrictions that forbid anyone to deny you these rights or to
ask you to surrender the rights. These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether gratis or for afee, you must give the
recipientsall the rightsthat you have. Y ou must make sure that they, too, receive or can get the source
code. And you must show them these terms so they know their rights.

We protect your rights with two steps:
1. copyright the software, and

2. offer you thislicense which gives you legal permission to copy, distribute and/or modify the soft-
ware.

Also, for each author's protection and ours, we want to make certain that everyone understands that
thereisno warranty for this free software. If the software is modified by someone else and passed on,
we want its recipientsto know that what they haveis not the original, so that any problems introduced
by others will not reflect on the original authors' reputations.

Finally, any freeprogramisthreatened constantly by software patents. Wewish to avoid the danger that
redistributors of afree program will individually obtain patent licenses, in effect making the program
proprietary. To prevent this, we have made it clear that any patent must be licensed for everyone's
free use or not licensed at al.

The precise terms and conditions for copying, distribution and modification follow.
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A.2. TERMS AND CONDITIONS FOR COPY-

ING,

A.2.1.

A.2.2.

A.2.3.

DISTRIBUTION AND MODIFICATION

Section 0

This License applies to any program or other work which contains a notice placed by the copyright
holder saying it may be distributed under the terms of this General Public License. The“Program”, be-
low, refersto any such program or work, and a*work based on the Program” means either the Program
or any derivative work under copyright law: that isto say, awork containing the Program or a portion
of it, either verbatim or with modifications and/or trand ated into another language. (Hereinafter, trans-
lation isincluded without limitation in the term “modification”.) Each licenseeis addressed as “you’”.

Activities other than copying, distribution and modification are not covered by this License; they are
outside its scope. The act of running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the Program (independent of having been
made by running the Program). Whether that is true depends on what the Program does.

Section 1

Y ou may copy and distribute verbatim copies of the Program's source code as you receive it, in any
medium, provided that you conspicuously and appropriately publish on each copy an appropriate copy-
right notice and disclaimer of warranty; keep intact al the notices that refer to this License and to the
absence of any warranty; and give any other recipients of the Program a copy of this License along
with the Program.

You may charge a fee for the physical act of transferring a copy, and you may at your option offer
warranty protection in exchange for afee.

Section 2

Y ou may modify your copy or copies of the Program or any portion of it, thus forming a work based
on the Program, and copy and distribute such modifications or work under the terms of Section A.2.2,
“Section 1" above, provided that you also meet all of these conditions:

a. You must cause the modified filesto carry prominent notices stating that you changed the filesand
the date of any change.

b. You must cause any work that you distribute or publish, that in whole or in part contains or is
derived from the Program or any part thereof, to be licensed as a whole at no charge to al third
parties under the terms of this License.

c. If themodified program normally reads commandsinteractively when run, you must causeit, when
started running for such interactive use in the most ordinary way, to print or display an announce-
ment including an appropriate copyright notice and anoticethat thereisno warranty (or else, saying
that you provide a warranty) and that users may redistribute the program under these conditions,
and telling the user how to view a copy of this License. (Exception: If the Program itself is inter-
active but does not normally print such an announcement, your work based on the Program is not
required to print an announcement.)

These requirements apply to the modified work as a whole. If identifiable sections of that work are
not derived from the Program, and can be reasonably considered independent and separate works in
themselves, then thisLicense, and itsterms, do not apply to those sectionswhen you distribute them as
separate works. But when you distribute the same sections as part of awholewhich isawork based on
the Program, the distribution of the whole must be on the terms of this License, whose permissionsfor
other licensees extend to the entire whole, and thus to each and every part regardless of who wroteit.
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A.24.

A.2.5.

A.2.6.

Thus, it is not the intent of this section to claim rights or contest your rights to work written entirely
by you; rather, the intent is to exercise the right to control the distribution of derivative or collective
works based on the Program.

In addition, mere aggregation of another work not based on the Program with the Program (or with a
work based on the Program) on a volume of a storage or distribution medium does not bring the other
work under the scope of this License.

Section 3

You may copy and distribute the Program (or a work based on it, under Section A.2.3, “Section 2"
in object code or executable form under the terms of Section A.2.2, “Section 1" and Section A.2.3,
“Section 2" above provided that you also do one of the following:

a. Accompany it with the complete corresponding machine-readabl e source code, which must be dis-
tributed under the terms of Sections 1 and 2 above on a medium customarily used for software
interchange; or,

b. Accompany it with awritten offer, valid for at |east three years, to give any third party, for acharge
no more than your cost of physically performing source distribution, a complete machine-readable
copy of the corresponding source code, to be distributed under the terms of Sections 1 and 2 above
on amedium customarily used for software interchange; or,

¢. Accompany it with the information you received as to the offer to distribute corresponding source
code. (Thisalternative is alowed only for noncommercial distribution and only if you received the
program in object code or executable form with such an offer, in accord with Subsection b above.)

The source code for awork means the preferred form of the work for making modificationsto it. For
an executable work, complete source code means all the source code for all modulesit contains, plus
any associated interface definition files, plus the scripts used to control compilation and installation of
the executable. However, asaspecial exception, the source code distributed need not include anything
that is normally distributed (in either source or binary form) with the major components (compiler,
kernel, and so on) of the operating system on which the executable runs, unless that component itself
accompanies the executable.

If distribution of executable or object code is made by offering accessto copy from adesignated place,
then offering equivalent access to copy the source code from the same place counts as distribution
of the source code, even though third parties are not compelled to copy the source along with the
object code.

Section 4

Y ou may not copy, modify, sublicense, or distribute the Program except as expressly provided under
this License. Any attempt otherwise to copy, modify, sublicense or distribute the Program is void,
and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such
parties remain in full compliance.

Section 5

Y ou are not required to accept this License, since you have not signed it. However, nothing else grants
you permission to modify or distribute the Program or its derivative works. These actions are prohib-
ited by law if you do not accept this License. Therefore, by modifying or distributing the Program (or
any work based on the Program), you indicate your acceptance of this License to do so, and all its
terms and conditions for copying, distributing or modifying the Program or works based on it.
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A.2.7.

A.2.8.

A.2.9.

Section 6

Each time you redistribute the Program (or any work based on the Program), the recipient automati-
cally receives a license from the original licensor to copy, distribute or modify the Program subject
to these terms and conditions. Y ou may not impose any further restrictions on the recipients exercise
of the rights granted herein. Y ou are not responsible for enforcing compliance by third partiesto this
License.

Section 7

If, as a consequence of a court judgment or allegation of patent infringement or for any other reason
(not limited to patent issues), conditions are imposed on you (whether by court order, agreement or
otherwise) that contradict the conditions of this License, they do not excuse you from the conditions
of this License. If you cannot distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you may not distribute the Program
at all. For example, if apatent license would not permit royalty-free redistribution of the Program by
all those who receive copies directly or indirectly through you, then the only way you could satisfy
both it and this License would be to refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under any particular circumstance, the
balance of the section is intended to apply and the section as a whole is intended to apply in other
circumstances.

It is not the purpose of this section to induce you to infringe any patents or other property right claims
or to contest validity of any such claims; this section hasthe sole purpose of protecting the integrity of
the free software distribution system, which isimplemented by public license practices. Many people
have made generous contributions to the wide range of software distributed through that system in
reliance on consistent application of that system; it is up to the author/donor to decide if he or sheis
willing to distribute software through any other system and a licensee cannot impose that choice.

This section is intended to make thoroughly clear what is believed to be a consequence of the rest
of this License.

Section 8

If the distribution and/or use of the Program is restricted in certain countries either by patents or by
copyrighted interfaces, the original copyright holder who places the Program under this License may
add an explicit geographical distribution limitation excluding those countries, so that distribution is
permitted only in or among countries not thus excluded. In such case, this License incorporates the
limitation asif written in the body of this License.

A.2.10. Section 9

The Free Software Foundation may publish revised and/or new versions of the General Public License
from time to time. Such new versions will be similar in spirit to the present version, but may differ
in detail to address new problems or concerns.

Each version is given a distinguishing version number. If the Program specifies a version number of
thisLicensewhich appliestoit and “any later version”, you have the option of following the termsand
conditions either of that version or of any later version published by the Free Software Foundation.
If the Program does not specify a version number of this License, you may choose any version ever
published by the Free Software Foundation.

A.2.11. Section 10

If you wish to incorporate parts of the Program into other free programs whose distribution conditions
are different, write to the author to ask for permission. For software which is copyrighted by the Free
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Software Foundation, write to the Free Software Foundation; we sometimes make exceptionsfor this.
Our decision will be guided by the two goals of preserving the free status of all derivatives of our free
software and of promoting the sharing and reuse of software generally.

A.2.12. NO WARRANTY Section 11

BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRAN-
TY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT
WHEN OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER
PARTIES PROVIDE THE PROGRAM “AS |S” WITHOUT WARRANTY OF ANY KIND, EI-
THER EXPRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WAR-
RANTIESOF MERCHANTABILITY AND FITNESSFOR A PARTICULAR PURPOSE. THE EN-
TIRERISK ASTO THE QUALITY AND PERFORMANCE OF THE PROGRAM ISWITH YOU.
SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECES-
SARY SERVICING, REPAIR OR CORRECTION.

A.2.13. Section 12

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAM-
AGES, INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAM-
AGES ARISING OUT OF THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO
OPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER OR OTHER PARTY
HASBEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

END OF TERMS AND CONDITIONS

A.3. How to Apply These Terms to Your New
Programs

If you develop a new program, and you want it to be of the greatest possible use to the public, the
best way to achieve thisisto make it free software which everyone can redistribute and change under
these terms.

To do s0, attach the following notices to the program. It is safest to attach them to the start of each
source file to most effectively convey the exclusion of warranty; and each file should have at least the
“copyright” line and a pointer to where the full noticeis found.

<one line to give the program's name and a brief idea of what it does.> Copyright (C) <year> <name
of author>

This program is free software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either version 2 of the License,
or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the GNU General Public License for more details.

Y ou should have received a copy of the GNU General Public License along with this program; if not,
write to the Free Software Foundation, Inc., 51 Franklin Street, Fifth Floor, Boston, MA 02110-1301
USA

Also add information on how to contact you by electronic and paper mail.
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If the program isinteractive, makeit output ashort notice likethiswhen it startsin an interactive mode:

Gnomovision version 69, Copyright (C) year name of author Ghomovision comeswith ABSOLUTE-
LY NO WARRANTY:  for details type “show w”. This is free software, and you are welcome to re-
distribute it under certain conditions; type “show c” for details.

The hypothetical commands*show w” and “show ¢” should show the appropriate parts of the General
Public License. Of course, the commands you use may be called something other than “show w” and
“show ¢”; they could even be mouse-clicks or menu items--whatever suits your program.

Y ou should also get your employer (if you work as a programmer) or your schoal, if any, to sign a
“copyright disclaimer” for the program, if necessary. Here is a sample; ater the names:

Y oyodyne, Inc., hereby disclaimsall copyright interest in the program “Gnomovision” (which makes
passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989 Ty Coon, President of Vice

This General Public License does not permit incorporating your program into proprietary programs.
If your program is a subroutine library, you may consider it more useful to permit linking proprietary
applications with the library. If this is what you want to do, use the GNU Library General Public
License instead of this License.

172



Appendix B. Features List

B.1.

B.2.

B.3.

New Features in CodeAnalyst 2.9

» Redesign "Session Setting" dialog

» Redesign "Event Selection” dialog

e Improve JAVA profile to handle JT modules unloading

* Improve security and permission management for non-root users
» OProfile daemon/driver monitoring tool

* New CA-OProfile based on OProfile-0.9.6

New Features in CodeAnalyst 2.8

 Support for AMD processor Family 10h Revision 4
* New modefor IBS OP

» Section 3.5, “Basic Block Analysis’

» Section 3.6, “In-Line Analysis’

» True event multiplexing

» Section 3.7, “Session Diff Analysis’

» Session Import by TBP/EBP file

New Features in CodeAnalyst 2.7

CodeAnalyst 2.7 added support for Instruction-Based Sampling (IBS.) Instruction Sampling is a
new performance measurement technique supported by AMD Family 10h processors. IBS has these
advantages:

 |IBS precisely associates hardware event information with the instructions that cause the events. A
data cache miss, for example, is associated with the AMD64 instruction performing the memory
read or write operation that caused the miss. Improved precision makesit easier to pinpoint specific
performance issues.

 IBS collects awide range of hardware event information in a single measurement run.
» IBS collects new information such asretire delay and data cache miss latency.

See Section 3.4, “Instruction-Based Sampling Analysis’ for moreinformation about IBS. The sections
Section 8.6, “Tutoria - Analysis with Instruction-Based Sampling Profile” and Section 5.4, “Collect-
ing an Instruction-Based Sampling Profile” give step-by-step directionsfor collecting IBS profile data.

CodeAnalyst reports IBS performance information as derived events. Derived events are similar to
the events reported by Section 3.3, “Event-Based Profiling Analysis’. The IBS-derived events are
described in Section 9.3, “Instruction-Based Sampling Derived Events’

CodeAnalyst supports the new performance monitoring events provided by AMD Family 10h pro-
cessors. See BIOS and Kernel Developer's Guide (BKDG) For AMD Family 10h Processor [http://
support.amd.com/us/Processor_TechDocs/31116.pdf] for complete list of performance events.
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Features List

The online help has been restructured and revised. The new structure follows the CodeAnalyst work-
flow. See the Chapter 1, Introduction.

B.4. New Features in CodeAnalyst 2.6

» Chapter 4, Configure Profile that assist the configuration of profile data collection.
» Chapter 7, View Configuration that make it easier to review and interpret results.

» Section 2.4, “Event Counter Multiplexing” that extends Section 3.3, “Event-Based Profiling Anal-
ysis’ and makes it possible to measure more than four eventsin asingle run.
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