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-00: disables optimization
-O1: optimizes for speed without increasing code size
-0O2: optimizes for speed (default)

-0O3: enables -O2 plus more aggressive optimizations,
may not improve performance for all programs

-tpp2: Itanium® 2 Code Generation (instruction mix)

-fno-alias: assumes no aliasing in program (may be
unsafe)

-align: analyzes and reorders memory layout for
variables and arrays (FTN only)

-pad: enables changing variable and array memory
layout (FTN only)

intgl.
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Extends optimizations across file boundaries.

Without IPO (or with -ip) With IPO

Compile & Optimize — Biil3N: Compile & Optimize
Compile & Optimize ——> Fiil[IX:
Compile & Optimize — FiilXX:

Compile & Optimize —> FiilY R
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m Exposes more optimization opportunities

(constant propagation, function/data promo-
tion, data layout optimizations, etc.)

m Optimizes function ordering

m Reduces function call overhead by inlining
functions across file boundaries

m Can significantly reduce code size through
dead code elimination

m Available for both Itanium® and |A-32

intgl. 5
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f00.0

(fake object file)

How IPO Works

Compile program
1cc -c -ipo foo.c
(un-optimized

Link program intermediate
icc -o foo -ipo foo.o language files

2a. Compiler performs whole-program
optimizations
foo

2b. Compiler invokes linker to produce .
(optimized

executable

executable)
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= Many small utility functions
m Frequent constructor/destructor invocation

® One-liner member functions

m Lynx success story
* Intel® Spice-like circuit simulator

* Highly tuned algorithmically

* Intel compiler (icc) with O2 & IPO:

— 1.2x - 5.2x speedup over gcc -O (2x typical)
— 1x - 2.4x speedup over icc -0O2 (1.2x typical)
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Feed back of profile data gathered during pro-
gram execution to improve subsequent builds.

Benefits:

= More accurate branch prediction
m Better register allocation

= Improved IPO inlining

m Basic block movement

status = UtilityFunc (argl, arg2, arg3);
if (status '= 0) // Not expected to fail
HandleErr (status);

m Improves I-cache behavior
= Available for Itanium® and |A-32
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foo
(instrumented
executable)

Compile+link to add instrumentation
1cc -o foo -prof_gen foo.c

Execute instrumented program
/foo

pgopti.dpi
(merged .dyn files)

3 Compile-+link using feedback

1cc -o foo -prof_use foo.c

foo
(optimized
executable)

intgl. 9
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m Consistent hot paths

= Many if statements or switches
m Nested if statements or switches

Y 1
YN A TS

Y AN N\
Significant Little
Benefit Benefit

L]
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m It is not necessary to regenerate profile
with every build

= Performance benefits degrade gradually
as source code changes

= Regenerate profile when justified

m Source files must stay in same dir from
-prof_gen to -prof use (full source paths
recorded in profile files)

PGO makes IPO work better
intgl. )

Copyright © 1999-2002, Intel Corporation. All rights reserved.




JINPIIC

= |DIRS IVDEP : no loop-carried
dependency
= IDIR$ SWP : software-pipeline the
loop
= IDIR$ NOSWP
= IDIR$ UNROLL (n) : unroll a counted loop
O 'DIR$ NOUNROLL
ikely to
Use in conjunction with optimization
report flags (-opt_report) b

Intemstrlbut
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= |IDIR$ PREFETCH a : insert prefetch instructs.
= !|DIR$ NOPREFETCH a

= |IDIR$ PARALLEL : disambiguates assumed
data dependencies

= IDIR$ NOPARALLEL

Use in conjunction with optimization report

flags (-opt_report , -par_report)

L]
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Applications

ntel® Integrated Performance Primitives (IPP

Expanded functionality &
full platform integration
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= Performance: raison d’etre
m Resisted adding software only for functionality

m Finds ways to exploit every part of system:
processor, memory, multiple processors,
multiple nodes

m Makes high performance easy on lots of
scientific, engineering and math codes

m Example: DGEMM (part of MKL) achieves

* 95 % of theoretical peak performance on Itanium® 2
* 75-77 % of theoretical peak performance on Xeon™

intgl. y
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m Using Intel Performance Libraries

= Performance Tuning with Intel VTune ™
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= Graphical performance tool

= Various experiments
* Counter Monitoring (OS counters)
e Call Graph (who calls who)

 Sampling (standard hot spot
profiling & HW counters)

m Visualization of results as graphs and/or tables
® GUI running under Windows* (32 or 64 bit)

= Remote collectors for Windows & Linux*

m Commercial product, list price: 699 US$

m Current Version 6.1 adds Itanium® 2 support
http://developer.intel.com/software/products/vtune/vtune61/index.htm

LI
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Both data collector and
GUI on the same system

-
IM - *Other names and brands may be claimed as the property of others. 19
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LinuxiDataCollectors

® VTune™ includes binary kernel modules which are
precompiled for various 2.4 and 2.5 Linux kernels

= Need to recompile kernel for Linux-64 (minor
source code changes necessary)

m Install VTune™ 6.1 on a Windows client

= Install VTune Remote Collector package on the
remote Linux system

m Copy or share the source code with client

= Open a new project on the Windows client and
connect to the remote Linux system

intgl. !
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The VTune™ GUI

-

VCR like controls

% VTune(TM) Performance Analyzer 6.0 - [Call Graph - [Call Graph Results - 5.n Feb 03 13:12:50 2002]]

B pile  Edit Activity Configure Window Help

( on { )
Thread_8CC - Total : 186

AC[I_\I'il_l,ﬂ [Eour_lh[::jhionilotl Thread_8CC 1060694

P roj e Ct Ea : H Thread_8CC : 2070000
navigator "

B rorooger
T
T
T

GetCommandLineA

lion finis
all graph

=
=
=
:
=
!

—
v

4,440,382
1.576.102

A=)
E

4,440,382
1,576,102

Output log
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VTune™ Sampling

r

% VTune(TM) Performance Analyzer 6.0 - [Sampling Hotspots - [Sampling Results [GHOYLER-MOBL1] - Sun Feb 03 14:45:25 2002]]

%Eile Edit View Activity Configure Window Help
= > B REHED
[ ActivityT R % ¥ ||
x| =
=] & # || 2 % | [#] | 5 Process 5] Thread Module | § Hotspot % Source
Graup by: |J§‘, Function j 4]

Evvents Tatal
Clackticks[36) 1.027
% Instruction: DSCAL Instructians Retired]36) 1,185
Clockticks Clockbicks events[36] 1,168,297 842
[[aYATESY Clockticks #[36) BE
Instructions Fetired ewe. 1,341 575,235
DGEFA Instructions Retired 2(36) E9

=20 YT Projects
--&3 Activityl
- @ Sampling Results [{
- % Fund

DizplayMame Events ©

Selected Items | |_!

MATGEMN
RAN

P Doy

10.00 12.

Event Scale Sample After Yalue | Total Samples | Duration
1 Clockticks 000000001000 1127846 1704 16125
O Inztructions Fetired 0.00000007000= 113213 17EE 1E612:
O Cycles per Retired Instruction - CP1 10.00000000000:

<
7items, 3 events, 1item(s) selected. All Process All Thread 1 Module

Modulez | Hotspots

|Genera|

02/03/2002 14:45:21 GHOYLER-MOELT [Run 0] The Sampling Collector iz calibrating itz collection parameters for the following event(z] Instructions Retired, Clockticks.
02/03/2002 14:45:23 GHOYLER-MOBL1 [Run 0] The Sampling Collector is collecting samples based on the following event[z]: Instructions Fetired, Clockticks.
02/03/2002 14:45:25 GHOYLER-MOELT [Run 0] Sampling data was successfully collected.

Far Help, press F1

Copyright © 1999-2002, Intel Corporation. All rights reserved.



Sampling Methods

r

Configure Sampling E]@

= Time-based sampling (TBS) Gere | v | v |
* Uses OS timer
* Delivers hotspot profile
* Available on almost every CPU,

v Calibrate Sampl

Sampling Collection Dptions

including mobile Intel® & AMD* Sampingitervat [T =1 millsecondts)
processors Sampling buffer size: (2000 KE
[ Delay sampling: l——|_| zecond(s]

m Event-based sampling (EBS)
* Uses processor counters o

° M u c h m O re p owe rf u I th a n W ation terminates [before duration completez)
H H = [ Maximum samples collected: :l
simple time-based sampling

* Delivers hotspot profile + CPU
specific data (FP instructions,
cache misses, bus activity, etc.)

LI
InU : *Other names and brands may be claimed as the property of others.
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Multilevel Views ...

" VTuns(TH) [Sampling Results [GHOYLER MOBLY] - Sun Feb 03 16:49:34 20021 o IE1)[5€] %, VTune(TM) Performance Analyzer 6.0 - [Ssmpling Threads - [Sampling Results [GHOYLER MOBLY] - Sun Feb 03 16:49:34 20021 [= ISR

P PO

Process level Thread level

e Tmeiiiy " B S et 53 a4 20021 SN

EEE

% VTune{TW) Performance Analyzer .0 - [Sampling Hotspots - [Sampting Results [GHOVLER-MOSLA] - Sun Feb 00 17:02:11 2002])

N Module level | Function level

Copyright © 1999-2002, Intel Corporation. All rights reserved.
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== down to source & assembly!

T, VTune(TM) Performance Analyzer 6.0 - [Source View - [C:\Gernot\ftproot\linpack_tschiedel.f]] (=13 T, VTune(TM) Performance Analyzer 6.0 - [Source View - [C:\Gernot\ftproot\linpack_tschiedel.f]] [ (=13

ntin
do 30 i

for

not eq

Source code level Assembly level

Source code level analysis requires use
of debugging flag /Zi,-g in order to include
symbolic source line info in the binary!
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Intel® Tuning Assistant

Intel® Tuning Assistant : More Information 5]

- .
T VTune(TM) Performance Analyzer 6.0 - [Source View - [C:\Gernot\ftproot\linpack_tschiedel.f]] LE=

Line 214: Vector operations using SIMD technology

The assignment operation on line 214 is a “anu:ln:l.:t# hu a performance st using 51
ing SIMD

SIMD Class Library:
defined in Int
mpiler. Thi

ing Advice for Selected Code in
Ci\Gernot\ftproot\linpack_tschiedel.f

IRdIII

ddde

Processor specific expert system —
based on source code analysis!

26
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Multiple Sampling Activities

.
B, VTune(TM) Performance Analyzer 6.0 - [Sampling Hotspots - [Sampling Results [GHOYLER-MOBL1] - Sun Feb 03 17:02:11 2002]] (2 |[B][%]

onfigure  Window

5 Thread Module | §] Hotspot [ Source

All Process All Thread 1 Module

Allows direct comparison of multiple profiles

Copyright © 1999-2002, Intel Corporation. All rights reserved.
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CPU Specific HW Counters

rf.onﬁgure Sampling @@1

m Event based sampling
allows programming of
CPU specific counters

m Useful to look at cache,
memory and TLB activi-
ties, FP throughput as
well as other CPU
characteristics

Calibration runs: 2

Sampling rung: 2

m Can require multiple runs
to collect all data!

intgl.
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Counter/Event Ratios

m Predefined standard “Configure Sampline X

ratios available ==
Riatic Groups: M

° Q. g . C P I (c I (0] 0s ks pe r i N st r. ) Aywailable B atios: ted Fatios:

C 1 Retired Inztruction - CF

m User defined ratios can
be easily added

* even complex formulae
possible

Event Ratios | Everts |

] Adding new Event Ratio @@1

Explain Ratio
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Which Events and Event Ratios
should be Monitored?

m Consult the VTune™ online [T T ————— E%
manual for a list of primary S
events and event ratios to
start with, afterwards extend
and refine as needed

= Itanium®: start with Basic, B et o) B e e e
Instruction, Execution, TLB, $ i
Memory and Branch Events .
and use Stall Events for cycle Ui
accounting

= NetBurst™: start with

L1D_READS SET1

,Primary Performance
Tuning Events® and ratios,
note that an impact of > 2

might already be critical  ——

tel. 30
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m In general pipeline is stalling and not issuing

instructions to functional units on every cycle;
Cycles are wasted waiting for resources like e.g.

* data from memory or cache
* instructions to be processed
* register availability due to excessive RSE activity

m Use sub-set of PMU counters to find main stall
source

m Hierarchical tree structure enables systematic
performance methodology

intgl. )
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BE_FLUSH_BUBBLE

—

Cycles Retiring Jristr

CPU_CYCLES BE_L1D_FPU_BUBBLE

BACK_END_BUBBLE.ALL

BE EXE BUBBLE Decreasing Pipeline
‘ ’ Priority

BE_RSE_BUBBLE

BACK_END_BUBBLE.FE

Cycle accounting sum rule starts the decomposition

32
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E.g.: Components or bE L

Cycles Retiring Instr
CPU_CYCLES

BACK_END_BUBBLE.ALL

BE_FLUSH_BUBBLE

—

BE L1D FPU BUBBLE

.FPU

.L1D

.L1D_FULLSTBUF

.L1D_DCURECIR

| .L1D_HPW

| BE_EXE_BUBBLE

BE_RSE_BUBBLE

BACK_END_BUBBLE.FE

.L1D_L2BPRESS

.L1D_TLB

Sub-events of BE_L1D_FPU_BUBBLE have multiple levels

Copyright © 1999-2002, Intel Corporation. All rights reserved.
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Cycle Accounting Chart

OBACK END BUBBLE-FE
events

BBE RSEBUBBLE-ALL
events

OBE EXE BUBBLE-ALL
events

OBE LL1D FPU BUBBLE-ALL
events

BBE FLUSH BUBBLE-ALL
events

OCycksRetired Instructudn

Useful to compare and
to analyze trends
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= Optimizing with the Intel® Compilers
m Using Intel Performance Libraries
m Performance Tuning with Intel VTune ™

= Other Optimization Opportunities

® Summary

L]
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Other Optimization Opportunities

m Use of
command
line tools

such as
pfmon,

hpcmon,
vtl etc.

ond lev.
And lew.
And lew.

LZ DTLE m

M M M M M M M M M M M M MmMMMDmo7mm”7aoaoo0 T

~d Company]

hit rate)

s load)

¥ Rhit rate)

*Other names and brands may be claimed as the property of others.
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m Use of hand coded assembly

* Quite tricky to apply to larger code portions

* Consult IA-64 guides for instruction mix and
latencies

* GCC inline assembly syntax not supported,
use asm intrinsics instead

m Give different OS & Compilers a chance

= Submit the code to specialists at your
OEM or at Intel® (e.g. Solution Centers)

Further information & tricks can be found in the ltanium® 2

Processor Reference Manual for Software and Optimization

intel http://developer.intel.com/design/itanium/manuals.htm

37
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Summary

® The Intel® Itanium® Architecture! is still quite
a new parch with a huge performance potential

m Always use the latest versions of Intel® tools

= Apply standard compiler optimization flags
plus IPO & PGO

= Use performance libraries wherever possible

m For advanced optimizations take the Intel®
VTune ™ Performance Analyzer and identify
the bottlenecks

m Use hand coded assembly only as a last resort

intgl. .
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Thank You !

www.intel.com/go/hpc



Traditional

Original
Source
Code

Sequential
Machine Code

Execution Units unused —
reduced efficiency

intgl.

Hardware

‘ parallel \

I Performance through Parallelism

Itanium™ Architecture

Parallel

Crpiie Machine Code

Source
Code

A
[ )

based —
compiler

| il
HEEN

Multiple execution
units

resources used
more efficiently

Massive
Resources

40
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Block Diagram (Itanium 2)

_ ECC | ECC T e — L1 Instruction Cache_and ITLB :
4 ,| Fetch/Pre-fetch Engine IA-32 |

! Branch Instruction Decode |-
| Prediction Oiione 8 bundles |
i A 4 1
Control |1

! t 11 Issue Ports B B B M M M M I I F F 1
I o ) 4 V} Vv v v ) 4 v v I
i % Register Stack Engine / Re-Mapping I
. ((}) © Ao i b 0 e D O g ———
' 5 g | : 1
i 8 I i 8 Bran;‘;;sﬁﬁ:'cate 128 Integer Registers 128 FP Registers : I
| | 'S - g g ! |
; © la g -
! o : § Ej, Branch Integer Quad-Port 7 !
| S |18 4] Units and [ L1 > '

[ 2e MM Unit il 5 : .

' [ nits [111/| Data |z Floating E
| : o2 I ; % | . N
! e T i /| Cache Point i
| . i - | and Units ¥
; ECC ECC |« DTLB :
! |
| .
| ECC :
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