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3-steps for optimizing complex workloads

Optimize

• How do I get the most 
out of my platform

Right-size

• What configuration 
changes should I 
make

Characterize

• What is my workload 
doing

• Where are the 
bottlenecks
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The Long & Short of Performance Analysis
Get the big picture first with a Snapshot or Platform Profiler

Snapshot
Quickly size potential performance gain.

Run a test “during a coffee break”.

In-Depth
Advanced collection & analysis.

Insight for effective optimization.

Application
Focus
• HPC App developer 

focus
• 1 app running during test

VTune Amplifier’s

Application Performance 
Snapshot

VTune Amplifier  Many profiles

Intel Advisor  Vectorization

ITAC  MPI Optimization

System Focus
• Deployed system focus
• Full system load test

VTune Amplifier’s

Storage Performance Snapshot

VTune Amplifier
- System-wide sampling
- Platform Profiler

Maximum collection times:  L=long (hours)   M=medium (minutes)   S=short (seconds-few minutes)

S-M

L

L

S

S-L

L

S-M
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Intel® VTune™ Amplifier - Platform Profiler
Targets infrastructure and software 
architects

Longer runs – system-wide data

Interactive Topology Diagrams

▪ System configuration

▪ Memory channel configurations

Performance metrics
▪ Low overhead (targeting < 1%) – coarse grain
▪ Sampling OS and HW performance counters

▪ Extended capture (min. to hours)

▪ Open Data model with RESTful API for easy analysis by 
scripts

Timelines and Histograms Core to Core Comparisons

Server Topology Overview

Performance metrics
▪ Low overhead (targeting < 1%) – coarse grain
▪ Sampling OS and HW performance counters

▪ Extended capture (min. to hours)

▪ Open Data model with RESTful API for easy analysis by 
scripts



A guided tour
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demo
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Collecting data

Data Collection “Targets”
• Windows*
• Linux*

Platform Profiler AnalysisData Collector

Analysis and visualization
• Web-based UI
• Works best with Chrome



Characterizing workloads for Intel® Optane™ DC Persistent Memory

OptimizeRight-sizeCharacterize
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The best of both worlds with Intel® Optane™ DC Persistent Memory

Optane™ 

Media

DRAM attributes
Performance comparable 
to DRAM at low latencies1

Data persistence with higher 
capacity than DRAM2

Nand ssd attributes

1. “Fast performance comparable to DRAM” - Intel persistent memory is expected to perform at latencies 
near DDR4 DRAM.  Benchmarks and proof points forthcoming.  “low latencies” - Data transferred across 
the memory bus causes latencies to be orders of magnitude lower when compared to transferring data 
across PCIe or I/O bus’ to NAND/Hard Disk.  Benchmarks and proof points forthcoming.

2. Intel persistent memory offers 3 different capacities – 128GB, 256GB, 512GB.  Individual DIMMs of 
DDR4 DRAM max out at 256GB.

10
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Programming models
Mixed Mode 

(MM+AD)

DRAM
Cache

DCPMM
Persistent

DCPMM
Volatile

Mixed Mode

Legacy 
(DRAM)

DRAM

DRAM

DRAM
1st Level Memory

Memory Mode
(MM)

DRAM
Cache

DCPMM
Volatile

Memory Mode

Memory Mode
(2nd Level Memory)

Volatile with DRAM caching

DRAM + App Direct 
(AD)

DRAM

DCPMM
Persistent

DRAM + AD

App Direct (AD) 
Persistent programming model 

with no caching

Volatile Persistent or Volatile Volatile Volatile or Mixed

11
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What to look for
Memory and storage behavior

▪ Memory utilization

▪ Page faults

▪ Memory read/write ratios

▪ Memory throughput

▪ Disk activity

Page CacheUsedMemory utilization

Memory throughput

Major page faults

Disk activity - sdb
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What to look for
Performance impact

▪ CPU utilization (user/kernel)

▪ Cycles per instructions (CPI)

▪ Non-uniform memory architecture 
(NUMA) and inter-socket traffic

CPU Utilization

CPU Utilization in kernel mode

CPU Frequency

Cycles Per Instructions (CPI)

Last Level Cache Misses Satisfied by Local DRAM



Finding the right system for your workloads

OptimizeRight-sizeCharacterize
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Configuration Matters!

Storage device 
connected to 

Socket 0

Interconnect traffic 
from an application 
running on Socket 1 

doing IO

Interconnect traffic 
from an application 
running on Socket 0 

doing IO

5% performance drop when 
running from Socket 1 which is 
“far” from the storage device
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6 slots per CPU
Least number of DIMM slots to 
utilize max memory bandwidth  

8 slots per CPU
Trade DDR bandwidth for smaller 

board real estate on the DIMM slots

12 slots per CPU
Max memory capacity and 

bandwidth

Which configuration is best for your app?
Tradeoff:  DRAM / DCPMM bandwidth and cost

2-2-2 2-1-1* 1-1-1

* No difference on functionality or performance when 2nd DIMM slot is in channel 0, 1 or 2 for that integrated memory controller (IMC)
† DIMM slots shown.  While DRAM DIMMs can populate all slots shown, DCPMM is only populated in slot closest to CPU in each channel.

10 slots per CPU
Trade DDR bandwidth for smaller 

board real estate on the DIMM slots

2-2-1

16
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Memory utilization

1-1-1

DRAM DRAM DRAM DRAMDCPMM DCPMM

2-2-2

DRAM

DCPMM
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Memory throughput

1-1-1

DRAM DRAM DRAM DRAMDCPMM DCPMM

2-2-2

DRAM

DCPMM

All channels utilized for 
persistent memory

Only 2 channels utilized for 
persistent memory
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Finding the right system for your workloads

OptimizeRight-sizeCharacterize
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Performance metrics
Memory throughput

▪ Read/write throughput

▪ Read/write ratio

▪ Persistent vs. volatile

Memory latency

▪ DRAM read/write latencies

▪ Persistent memory read/write latencies

Memory Mode

▪ Near memory cache miss rate

Memory Mode – Near Memory Cache Read Miss Rate %

Read throughput

Read vs. Total

Persistent Memory vs. All Memory Traffic

DRAM Read Queue Latency



What’s next
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summary

Have a plan

Use Intel® VTune™ Amplifier – Platform Profiler

▪ To get useful insights into system behavior and performance

▪ To identify opportunities and optimize for Intel® Optane™ DC Persistent Memory

OptimizeRight-sizeCharacterize

23
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Download the Tools
Software tools for Intel® Optane™ DC Persistent Memory
Free downloads and technical articles

▪ software.intel.com/persistent-memory/tools

Intel® VTune™ Amplifier – Performance Profiler

▪ software.intel.com/vtune

Intel® Inspector – Persistence and Thread Debugger

▪ software.intel.com/inspector

https://software.intel.com/en-us/persistent-memory/tools
https://software.intel.com/vtune
https://software.intel.com/en-us/inspector
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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.  For more complete 
information visit www.intel.com/benchmarks.  

Copyright © 2018, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are trademarks of 
Intel Corporation in the U.S. and other countries.
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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.

Notice revision #20110804
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