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What is Intel® Advisor

Vectorization analysis

Threading prototyping

Intel Confidential

Roofline 

Cache Simulator and MAP Python API
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What is Intel® Advisor - Collectors

Intel Confidential

Compiler info

Dependencies 

Re-compilation

Survey 10% - 1.5x overhead

Trip Counts, FLOPs

Binary Static Analysis ~0 overhead

Coarse-grain suitability 1x – 2x overhead

Memory Access Pattern 7x-15x overhead

10x – 100x overhead

Survey

Suitability

Refinement

Trip Counts/FLOPs + Stacks

Cache Simulator

Take 
finalization 

time
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Collections vs Analysis

Intel Confidential

Analysis Collections

Vectorization (basic) Survey + Trip Counts

Vectorization (advanced) As above + MAP + Dependencies

Roofline (CARM) Survey + Trip Counts with FLOP

Roofline (Integrated) Survey + Trip Counts with FLOP and 
Cache Simulator

Threading Survey + Suitability + Dependencies

Custom Analysis (Python API) Depends

Mix and match as 
you wish

More data come 
with a cost
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5 Steps to Efficient Vectorization
Intel® Advisor – Vectorization Advisor

7

1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

2. Guidance: detect problem and 
recommend how to fix it

4. Memory Access Patterns Analysis 5. Loop-Carried Dependency Analysis

3. Trip Counts + FLOP: understand utilization, 
parallelism granularity & overheads



1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

+ Binary Analysis
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Vector Efficiency:  All The Data In One Place
My “performance thermometer”

Survey:  Find out if your code is “under vectorized” and why

Achieved 
Efficiency

Original (scalar) 
code efficiency.
Corresponds 
to 1x speed-up.

Upper bound:
100% 
efficiency 
4x gain 

(VL=4)

• Auto-vectorization: affected <3% of code 

• With moderate speed-ups

• First attempt to simply put #pragma omp simd:

• Introduced slow-down

• Look at Vector Issues and Traits to find out why

• All kinds of “memory manipulations”

• Usually an indication of “bad” access pattern

9
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Details for any piece of code

10



1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

2. Guidance: detect problem and 
recommend how to fix it
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Click to see recommendation

Advisor shows hints to move 
iterations to vector body.

Get Specific Advice For Improving Vectorization
Intel® Advisor – Vectorization Advisor

12



1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

2. Guidance: detect problem and 
recommend how to fix it

3. Trip Counts + FLOP: understand utilization, 
parallelism granularity & overheads
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Critical Data Made Easy 
Loop Trip Counts

Knowing the time 
spent in a loop is not 

enough!

14

Check 
actual trip 

counts

Find trip counts for 
each part of a loop 
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 FLOPS by loop and function

 All recent Intel processors 

 Instrumentation (count FLOP) plus 
sampling (time with low overhead)

 Adjusted for masking 
with AVX-512 processors

Precise Repeatable FLOP Metrics
Intel® Advisor – Vectorization Optimization



1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

2. Guidance: detect problem and 
recommend how to fix it

3. Trip Counts + FLOP: understand utilization, 
parallelism granularity & overheads

3. Memory Access Patterns Analysis
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Run Memory Access Patterns analysis, 
just to check how memory is used in 
the loop and the called function

Select loops of 
interest

Improve Vectorization
Memory Access pattern analysis

17
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Advisor Memory Access Pattern (MAP): 
know your access pattern

for (i=0; i<N; i++) 

A[B[i]] = C[i]*D[i]

for (i=0; i<N; i++) 

A[i] = C[i]*D[i]

for (i=0; i<N; i++) 

point[i].x = x[i]

Unit-Stride access 

Constant stride access 

Variable stride access 
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Find vector optimization opportunities 
Memory Access pattern analysis

19



1. Compiler diagnostics + Performance 
Data + SIMD efficiency information

2. Guidance: detect problem and 
recommend how to fix it

4. Memory Access Patterns Analysis

3. Trip Counts + FLOP: understand utilization, 
parallelism granularity & overheads

5. Loop-Carried Dependency Analysis
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Enabling vectorization

Check dependencies

Use #pragma simd

18
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Is It Safe to Vectorize?
Loop-carried dependencies analysis verifies correctness

Vector Dependence 
prevents 

Vectorization!

Select loop for 
Correct 

Analysis and 
press play!

22
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Correctness – Is It Safe to Vectorize?
Loop-carried dependencies analysis

Received recommendations to force vectorization of a 
loop:

1. Mark-up loop and check for REAL dependencies 

2. Explore dependencies with code snippets

In this example 3 dependencies were detected:

 RAW – Read After Write

 WAR – Write After Read

 WAW – Write After Write

This is NOT a good candidate to force 
vectorization!

Detected 
dependencies

Source lines with Read and 
Write accesses detected

23
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Data Dependencies – Tough Problem
Is it safe to force the compiler to vectorize?

24
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Questions to answer with Roofline: for your loops / functions

Memory-bound, invest into cache 
blocking etc

Compute bound: invest into 
SIMD,..

Where is the final bottleneck?

(where will be my limit after all optimizations?)
Long-term ROI, optimization strategy

Big optimization gap. 
Platform underutilization.

Am I doing well? How far am I from the peak?

(do I utilize hardware well or not?)

Intel Confidential
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Automated Roofline Chart Generation in Advisor - CARM

Legend:

- - Takes less time

- - Takes considerable time

- - Takes much time

Each Roof (slope)
Gives peak CPU/Memory throughput 
of your PLATFORM (benchmarked)

Each Dot
represents loop or function in 
YOUR APPLICATION (profiled)

Summarized memory-compute efficiency picture for the application

Intel Confidential
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Roofline picture

Tooltip with more 
data for dots

Roof configurationChart configuration

Switch to grid 
represenation

Performance
headroom
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Performance is limited by 
minimum of intercepts
(L2, LLC, DRAM, CPU)

In this case: by DRAM

29

Peak Flop/s
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Arithmetic Intensity (Flop:Byte)

Integrated Roofline. What is my current limit? 

Integrated Roofline for one kernel
with traffic for all memory levels

Intel Confidential
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NEW*: Selecting Integer, Float or Mixed operations

Intel Confidential
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Integer Operations in Survey Grid and Loop Analytics

Use settings button on the “Compute Performance” column

Use type selector in 
expanded Loop 
Analytics section
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Use the rest of the Advisor
See additional info 

in grid

Examine source or 
assembly

Select loops for
deeper analysis
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A few words about callstacks

Same function, 
same loop…

But different 
FLOPS and AI
on different 
callpaths!

Collecting callstacks we can

• See aggregated dots
• Callees and inner loops included

• See different dots for different callchains

Available in current product version, does not work with hierarchical roofline yet 
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In a few words 

Using Intel® Advisor, you can

 Collect the data for the Hierarchical and Integrated Roofline

 Analyze the roofline picture

 Focus on data you are interested in

 Compare roofline for different runs

 Share roofline results

 and more
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Python API

Intel Confidential

• Small library and Python module to access all Advisor-collected data. 
Actively used internally at Intel.

• About 200 metrics for each loop/function + about 500 instruction mix 
metrics.

• Supports:
• Python 2.7
• Linux: external and internal Python
• Windows: internal Python only (advixe-python)

• See examples at <advisor_install_dir>/pythonapi/examples
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Python API - example

Intel Confidential
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Read more

Intel Confidential

Intro on [integer] roofline usage:

https://software.intel.com/en-us/articles/a-brief-overview-of-integer-roofline-modeling-in-intel-advisor

Short intro on Python API usage:

https://software.seek.intel.com/LP=18275

https://software.intel.com/en-us/articles/a-brief-overview-of-integer-roofline-modeling-in-intel-advisor
https://software.seek.intel.com/LP=18275




Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice

Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO 
ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND 
INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR 
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, 
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.  
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, 
operations and functions.  Any change to any of those factors may cause the results to vary.  You should consult other information 
and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product 
when combined with other products. 

Copyright © 2016, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are 
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Intel’s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel 
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the 
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent 
optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture 
are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the 
specific instruction sets covered by this notice.
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