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Agenda [Training Part]

• Vectorization with Intel Advisor

– Vectorization bottlenecks and methodology overview

– Characterize and improve your SIMD code with help of Advisor

– Analyze Memory Bound codes

• Beta capabilities

– AVX-512 specific Advisor analysis capabilities

– FLOPs and Masks Profiler

• Roofline analysis 



• Vectorization Bottlenecks overview

• Vector Advisor High Level methodology and workflow overview
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Factors that prevent Vectorizing your code 

1. Loop-carried dependencies

for (i = 1; i < nx; i++) {

x = x0 + i * h;

sumx = sumx + func(x, y, xp);

}

2. Function calls (incl. indirect) 

struct _x { int d; int bound; };

void doit(int *a, struct _x *x)

{

for(int i = 0; i < x->bound; i++)

a[i] = 0;

}

3. Loop structure, boundary condition

4 Outer vs. inner loops

1.A Pointer aliasing (compiler-specific)

for(i = 0; i <= MAX; i++) {

for(j = 0; j <= MAX; j++) {

D[j][i] += 1;                  

}

}

void scale(int *a, int *b)

{   

for (int i = 0; i < 1000; i++) 

b[i] = z * a[i];

}

DO I = 1, N

A(I + M) = A(I) + B(I)

ENDDO

And others……

5. Cost-benefit (compiler specific..)
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Factors that slow-down your Vectorized code 

for (i = 1; i < nx; i++) {

sumx = sumx + 

serialized_func_call(x, 

y, xp);

}

2. Serialized or “sub-optimal” function calls

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  

unknown_small_value; i++)

a[i] = z*b[i];

}

3. Small trip counts not multiple of VL

4. Branchy codes, outer vs. inner loops

1.B Memory sub-system Latency / Throughput

for(i = 0; i <= MAX; i++) {

if ( D[i] < N) 

do_this(D);

else if (D[i] > M) 

do_that();

//…           

}

void scale(int *a, int *b)

{   

for (int i = 0; i < VERY_BIG; i++) 

c[i] = z * a[i][j];

b[i] = z * a[i];

}

5. MANY others: spill/fill,  fp accuracy trade-offs,
FMA, DIV/SQRT, Unrolling, even AVX throttling..

1.A. Indirect memory access

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

A[B[i]] = C[i]*D[i]
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Vectorization - Have you:
 Recompiled for AVX2/AVX-512 with little gain

 Struggled with compiler reports?

 Wondered where to vectorize?

“Intel® Advisor’s Vectorization Advisor fills a 
gap in code performance analysis.  It can guide 
the informed user to better exploit the vector 
capabilities of modern processors and 
coprocessors.”

Threading - Have you:
 Threaded an app, but seen little benefit?

 Hit a “scalability barrier”? 

 Delayed release due to synchronization 
errors?

Get Fast Code Fast!  Intel® Advisor
Vectorization Optimization and Thread Prototyping

Software Must Vectorize & Thread or Performance Dies (Underutilizes the Processor)

 True today – More true tomorrow – Difference can be substantial!

“Intel® Advisor has allowed us to quickly 
prototype ideas for parallelism, saving 
developer time and effort”

Simon Hammond
Senior Technical Staff
Sandia National LaboratoriesDr. Luigi Iapichino

Scientific Computing Expert
Leibniz Supercomputing Centre

7
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5 Steps to Efficient Vectorization - Vector Advisor
(part of Intel® Advisor,  Parallel Studio, Cluster Studio 2016)

5. Memory Access Patterns Analysis

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

1. Compiler diagnostics + Performance Data + SIMD 
efficiency information

4. Loop-Carried Dependency Analysis

3. “Accurate” Trip Counts + FLOPs: understand 
utilization, parallelism granularity & overheads
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Using Advisor and SIMD methodology

1. Characterize you code
(e.g. scalar vs. vector, efficiency). 
Focus on most impactful parts.

3. Check if Dependencies are real.
Resolve dependencies.

3. Explore Memory Access Pattern and 
Memory Locality. Refactor for Memory Layout.

Scalar Loops SIMD Loops

2. Explore root cause preventing
(compilers) from Vectorization. 
Implement low-hanging fix.

2. Root cause vectorized code slow-down 
factors. Implement low-hanging fix. 

Localize memory/memory-access-bound cases.

Scalar Loops SIMD Loops

yes yes

Memory-bound loops

yes

no
Done with all low-hanging impactful parts of your code?
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Using Advisor to address these factors

1. Run Advisor Survey Analysis to 
quickly characterize you code: 

scalar vs. vector, vector efficiency

3. Dependencies Analysis: 
Check if Dependencies are real.
Resolve dependencies.

3. MAP Analysis: Root cause SIMD and 
Memory slow-down. Refactor for better 
memory layout.

Scalar Loops SIMD Loops

2. Use Survey to find Vectorizable
loops and get tips how to vectorize

2. Use Survey/TripCounts and 
Recommendations to root cause vectorized
code slow-down factors. Get tips for speed-up.

2.1 Use TripCounts/FLOPs/Roofline data to basically localize 
memory/memory-access-bound cases*

Scalar Loops SIMD Loops

yes yes

Memory-bound loops

yes

no
Done with all low-hanging impactful loops? Need more data? 
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Vectorization Analysis Workflow



• Using Advisor Summary and Survey

12
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Quickly characterize the efficiency of your code:
Advisor Summary.

Use the summary view 
to quickly characterize

your program

Time in 
Scalar vs. Vector loops.

SIMD Efficiency.

Focus on Hottest 
kernels
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Advisor Survey: Focus + Characterize. 
One stop shop. 

hotspots
HOW to improve 

performance Efficiency

What prevents 
vectorization?

ISA

All the data you need for effective vectorization

14
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Advisor Survey: Focus + Characterize. 

HPC (medium size) workload example:

1) 1000 (user code) loops potentially executable (including multi-versioning, etc)

2) Reports  = 30 000 lines of text

3) Only 250 loops were really executed

4) Only 150 loops took >0.1% of time

5) Only 50 loops were hotspots (make noticeable difference in performance)

Advisor helps to immediately focus on important 50 lines (instead of 

original 30 000), still preserving compiler diagnostics.

• Further narrow data down using filtering (e.g by source, by scalar vs. vector) and 
sorting dynamic+static data.
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Advisor Survey: Focus + Characterize. 
Focus and order hottest loops

• Maximize your optimization ROI



Copyright ©  2015, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice
17

Advisor Survey: Focus + Characterize. 
Focus and order non-vectorized loops 

• “Compiler diagnostics” sub-tab to 
explain root cause
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Advisor Survey: Focus + Characterize. 
Focus and order vectorized loops 

• Efficiency – my performance 
thermometer

• Recommendations – get tip on 
how to improve performance 

• (also apply to scalar loops)
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Vector Efficiency:  my “performance thermometer”

19

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 information go to http://www.intel.com/performance . See FTC disclaimer.

http://www.intel.com/performance


• Compiler vectorization “Low-hanging fruits”

• Advisor Dependencies:  check if 
Dependencies are real

20
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Enable vectorization of your scalar code: Survey

• “Compiler diagnostics” to 
explain root cause

Some root causes are easy to 
overcome

• Loop boundary conditions

• Change compilation flags (fp
model, -O2 -> -O3, etc)
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Data Dependencies – Tough Problem #1
Is it safe to force the compiler to vectorize?

22

DO I = 1, N

A(I) = A(I-1) * B(I)

ENDDO

void scale(int *a, int *b)

{   

for (int i = 0; i < 1000; i++) 

b[i] = z * a[i];

}
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• More data is needed to confirm if the loop can be vectorized

• Select the given loop and run dependency analysis to see if it can be 
vectorized using an OpenMP* 4.0 simd pragma.

Enable vectorization of your scalar code: Assumed 
Dependency 
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Check if it is safe to vectorize : Advisor 
Dependencies

Vector Dependence 
prevents 

Vectorization!

Select loop for 
Dependency 
Analysis and 
press play!
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We should investigate using pragma simd to force vectorization

25

Almost half loops checked did not have actual dependencies
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Data Dependencies – Tough Problem #1
Dynamic check will *know* if indices overlap.

1) fSwapPairM ( lbf[il*lbsitelength + l*lbsy.nq + m + half], 

lbf[ilnext*lbsitelength + l*lbsy.nq + m]);

2) fSwapPairM ( lbf[il*lbsitelength + l*lbsy.nq + m + half], 

lbf[il*lbsitelength + l*lbsy.nq + m]);

26

Both loops “equally bad” :
from static analysis perspective

Static Assumption:

Static Assumption:
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Dependencies Analysis: confirm wdependencies are REAL

1) fSwapPairM ( lbf[il*lbsitelength + l*lbsy.nq + m + half], 

lbf[ilnext*lbsitelength + l*lbsy.nq + m]);

2) fSwapPairM ( lbf[il*lbsitelength + l*lbsy.nq + m + half], 

lbf[il*lbsitelength + l*lbsy.nq + m]);

Data Dependencies – Tough Problem #1
Dynamic check will *know* if indices overlap.



• Vectorization Efficiency metrics

• Root cause origins of slow-down

• Performance “Low-hanging fruits”



• Vectorization Efficiency metrics

• Root cause origins of slow-down

• Performance “Low-hanging fruits”
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Vector Efficiency:  my “performance thermometer”

30

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 information go to http://www.intel.com/performance . See FTC disclaimer.

http://www.intel.com/performance


Copyright ©  2015, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice

• Ultimate Metric is “Speedup” or “Improvement to Productivity”
S =    Time ( Scalar Exec ) /  Time ( Vector Exec )

=    WorkDone( Vector Exec ) / WorkDone( Scalar Exec ) [in iso time]

If measurable, great. Could be non-trivial, especially, wall-clock time in multithreaded code.

• Proxy Metrics

• Estimated Vectorization Gain/Efficiency (static + “simulation” + dynamic in Advisor)

• Path Reduction (static or dynamic #inst count)

• FLOPs increase

• VPU HW Utilization (dynamic PMU approximate)

• Mask register utilization (AVX-512 specific)

31

Vectorization Efficiency Metrics
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• G = Scalar Exec Cost / Vector Exec Cost

• Ideally, we’d like G (estimate) to match S (actual) for VPU bound code. Very difficult.

• Vectorizer’s View of Vector Code Quality

• E = G / Max_G

• Max_G is, naively speaking, vector width: e.g., “CPU has a 4-way vector and thus I want 4x 
speedup!!”

• G_static - available in Intel Compiler . G_static_dynamic available in Advisor.

• Vector Advisor 2016 adjusts Compiler reported “gain” to account for :

• Dynamic info on trip count.

• Dynamic Peel/remainder execution.  Special information on compiler overhead.

• More dynamic adjustments (MASK utilization, Access Pattern) are planned in 2017 release

32

Estimated Vectorization Gain/Efficiency
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Gain/Efficiency: Advisor XE 2016 
(support for Intel Xeon, Intel Core and 2nd generation Intel Xeon Phi)

Advisor : Survey Analysis Type
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• Vectorizer is in the middle of the compiler

• Sometimes Hard to predict what happens downstream. May be a delta between what vectorizer
sees and the ASM generated. 

• Compiler - Static performance model, not dynamic measurement

• Mask values, trip count and other things are unknown

 Addressed by Vector Advisor

• High Gain doesn’t mean better Speedup if not VPU bound

• Latency- and bandwidth- bound codes

• In current version reported only for Compiler-vectorized code (i.e., not for 
vector intrin and inline ASM)

34

Gain/Efficiency Need to Know



• Vectorization Efficiency metrics

• Identifying root cause of slow-down

• Performance “Low-hanging fruit” fix 
example
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Vector Efficiency:  my “performance thermometer”

How to find out 

why Efficiency is <100%?

36

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 information go to http://www.intel.com/performance . See FTC disclaimer.

http://www.intel.com/performance
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Factors that slow-down your Vectorized code 

for (i = 1; i < nx; i++) {

sumx = sumx + 

serialized_func_call(x, y, 

xp);

}

2. Serialized or “sub-optimal” 
function calls

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}

3. Small trip counts not multiple of VL

4. Branchy codes, outer vs. inner loops
1.B Memory sub-system Latency / 
Throughput

for(i = 0; i <= MAX; i++) {

if ( D[i] < N) 

do_this(D);

else if (D[i] > M) 

do_that();

//…           

}

void scale(int *a, int *b)

{   

for (int i = 0; i < VERY_BIG; i++) 

c[i] = z * a[i][j];

b[i] = z * a[i];

}

5. MANY others: spill/fill,  fp accuracy trade-
offs, FMA, DIV/SQRT, Unrolling

1.A. Indirect memory access

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

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

Where did I 
loose other 

45%?
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Factors that slow-down your Vectorized code 

for (i = 1; i < nx; i++) {

sumx = sumx + 

serialized_func_call(x, y, 

xp);

}

2. Serialized or “sub-optimal” 
function calls

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}

3. Small trip counts not multiple of VL

4. Branchy codes, outer vs. inner loops
1.B Memory sub-system Latency / 
Throughput

for(i = 0; i <= MAX; i++) {

if ( D[i] < N) 

do_this(D);

else if (D[i] > M) 

do_that();

//…           

}

void scale(int *a, int *b)

{   

for (int i = 0; i < VERY_BIG; i++) 

c[i] = z * a[i][j];

b[i] = z * a[i];

}

5. MANY others: spill/fill,  fp accuracy trade-
offs, FMA, DIV/SQRT, Unrolling

1.A. Indirect memory access

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

A[B[i]] = C[i]*D[i]
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Factors that slow-down your Vectorized code:
Survey Loop Analytics
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Spend your time efficiently!

40

A typical vectorized loop consists of

1. Main vector body

• Fastest among the three! Maximum VL, no branches/masked computations.

2. (optional) peel part

• Used for the unaligned references in your loop. Uses Scalar or slower vector

3. (optional) Remainder part

• Due to the number of iterations (trip count) not being divisible by vector length. Uses Scalar or slower vector.

Larger vector register means more iterations (AVX/AVX2) or more time (AVX-512) in 
peel/remainder 

• Align data, make the number of iterations divisible by the vector length where applicable

• Or at least notify compiler about alignment and about number of iterations

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}

Fastest!

Less
Fast
Less
Fast
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What are peels and remainders?

2 4

6 8

10 12

14 16

18

3

7

11

15

5

9

13

17

1

Vectorized
Body

Peel

Remainder

// xAVX

// 256 bits wide regs

// holds 4 x 64bit vals

void Func(double *pA)

{

for (int i=0; i<19;i++)

pA[i] = …;

}

0

3
2

 b
y

te
 b

o
u

n
d

a
ry

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}
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Example: fGetEquilibriumF

0 2

4 6

8 10

12 14

16

1

5

9

13

3

7

11

15

18

Vectorized
Body

(No Peel)

Vectorized Body

// xAVX

// 256 bits wide regs

// holds 4 x 64bit vals

for(i=0; i<lbsy.nq+1; i++)

{

// . . .

}

17

3
2

 b
y

te
 b

o
u

n
d

a
ry

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}

19
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Example: fGetEquilibriumF

AVX-512

0 2

4 6

8 10

12 14

16

1

5

9

13

3

7

11

15

18

Vectorized
Body

(No Peel)

(Vectorized) Remainder17

3
2

 b
y

te
 b

o
u

n
d

a
ry

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}

19
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Example: fGetEquilibriumF

int fGetEquilibriumF(double *feq, double *v, double rho)
{
double modv = v[0]*v[0] + v[1]*v[1] + v[2]*v[2];
double uv;

for(int i=0; i<lbsy.nq; i++)
{

uv = lbv[i*3] * v[0] 
+ lbv[i*3+1] * v[1] 
+ lbv[i*3+2] * v[2];

feq[i] = rho * lbw[i] 
* (1 + 3.0 * uv + 4.5 * uv * uv - 1.5 * modv);

}

return 0;

19
• Low loop count
• Not multiple of Vector Length

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}
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Example: fGetEquilibriumF

int fGetEquilibriumF(double *feq, double *v, double rho)
{
double modv = v[0]*v[0] + v[1]*v[1] + v[2]*v[2];
double uv;

#pragma loop_count (19)

for(int i=0; i<lbsy.nq; i++)
{

uv = lbv[i*3] * v[0] 
+ lbv[i*3+1] * v[1] 
+ lbv[i*3+2] * v[2];

feq[i] = rho * lbw[i] 
* (1 + 3.0 * uv + 4.5 * uv * uv - 1.5 * modv);

}

return 0;

• Loop #pragma loop_count (cheapest fix)
• Padding (medium cost fix)

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}
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Survey: Body-Peel-Remainder break-down
See detailed times for each part of your loops.  Is it worth more effort?

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}
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Click to see recommendation

Advisor XE shows hints how to 
decrease vectorization overhead

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

void doit(int *a, int *b, int

unknown_small_value)

{

for(int i = 0; i <  unknown_small_value; 

i++)

a[i] = z*b[i];

}



Though #1 problem: memory access pattern

• Advisor MAP (stride) Analysis

• AoS and SoA

• Loopnest: choose right level for vector 
parallelism
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Non-Contiguous Memory Access 
Potential to vectorize but may be inefficient

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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Non-Contiguous Memory Access 
Potential to vectorize but may be inefficient

• To make SIMD efficient – need to 
load/store data into vector register 
using single contiguous vector 
load/store instruction

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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Survey Recommendations: Vectorized loops whose 
performance was possibly limited by data layout

Click to see recommendation
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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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X

A[i+0]

Y Z X

A[i+1]

Y Z X

A[i+2]

Y Z X

A[i+3]

Y Z

vector_register_10 1 2 3

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]

Non-Contiguous Memory Access 
Potential to vectorize but may be inefficient

• To make SIMD efficient – need to 
load/store data into vector register 
using single contiguous vector 
load/store instruction

Courtesy Alex Wells
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Array of Structures (AoS) vs. Structure of Arrays 
(SoA)

X

A[i+0]

Y Z X

A[i+1]

Y Z X

A[i+2]

Y Z X

A[i+3]

Y Z

vector_register_10 1 2 3

AOS in Memory Layout: “Constant stride”

struct Triangle 
{Float x,y,z;}
Triangle A[100];

Object-oriented programming motivates AoS



Copyright ©  2015, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice
Intel Confidential 55

Array of Structures (AoS) vs. Structure of Arrays 
(SoA)

X

A[i+0]

Y Z X

A[i+1]

Y Z X

A[i+2]

Y Z X

A[i+3]

Y Z

vector_register_10 1 2 3

AOS in Memory Layout

vector_register_10 1 2 3

A

Z[i+0] Z[i+1] Z[i+2] Z[i+3]

Y[i+0] Y[i+1] Y[i+2] Y[i+3]

X[i+0] X[i+1] X[i+2] X[i+3]

SOA in Memory Layout:
Unit Stride!

struct Triangle 
{Float x,y,z;}
Triangle A[100];

struct Triangles 
{Float x[100],y[100],z[100];}
Triangles A;

Object-oriented programming motivates AoS
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MAP for Outer Loop Vectorization
#pragma omp declare simd
int lednam(float c)
{   // Compute n >= 0 such that c^n > LIMIT

float z = 1.0f; int iters = 0;
while (z < LIMIT) {

z = z * c; iters++;
}
return iters;

}

float in_vals[];
#pragma omp simd
for(int x = 0; x < Width; ++x) {

count[x] = lednam(in_vals[x]);
}

56

x = 0 x = 1 x = 2 x = 3

float in_vals[];
#pragma omp parallel for simd
for(int x = 0; x < Width; ++x) {

count[x] = lednam(in_vals[x]);
}

float in_vals[];
#pragma omp simd
for(int x = 0; x < Width; ++x) {

count[x] = lednam(in_vals[x]);
}

z = z * c

z = z * c

iters = 2

z = z * c

z = z * c

….

iters = 23

z = z * c

z = z * c

……….……...

iters = 255

z = z * c

z = z * c

……..

iters = 37
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Time for parallelism choices:
Where to introduce parallelism and how?

for(int i=0; i<Xmax; i++)

for(int j=0; j<Ymax; j++)

for(int k=0; k<Zmax; k++) {

//do some work 

for (int l=0; l<qdim; l++) {

for (int m=1; m<=half; m++) {

//...

fSwapPairM (l, m, k, j,..);

}

}

}

}

}

Here?

Here????

Here???

Here??

No performance without “explicit parallelism” choices
(no performance “by default”)

No good choices without knowing “the DATA”
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Time for parallelism choices:
Advisor MAP to make optimal decision!

for(int i=0; i<Xmax; i++)

for(int j=0; j<Ymax; j++)

for(int k=0; k<Zmax; k++) {

for (int l=0; l<qdim; l++) {

for (int m=1; m<=half; m++) {

//...

fSwapPairM (l, m, k, j,..);

}

}

}

}

} MAP analysis (+ Trip Counts and Dependencies) 
to drive decision wrt most appropriate parallelism level



Register for  Intel Advisor 
2017 “Beta”!

Send request to
vector_advisor@intel.com

mailto:Vector_advisor@intel.com
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Vectorized loops with high effciency

Are we done??..
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Vectorized loops with high effciency

…It depends.
If code is not SIMD bound, 

then Speedup <= Vectorizatoin Gain
In addition(instead of) VPU-bound 
code could be Memory Bound
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Am I bound by VPU/CPU or by Memory?
Quick and Dirty check with Survey Loop Analytics.

The types of instructions  in your loop will be a 
rough indicator of whether your are memory 
bound or compute bound.
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Am I bound by VPU/CPU or by Memory?: 
Advisor Memory Access Pattern and Footprint

Footprint Small enough Big enough

Access 
Pattern

Unit Stride Effective SIMD
No Latency and BW 
bottlenecks

Effective SIMD
Bandwidth bottleneck

Const stride Medium SIMD
Latency bottleneck 
possible

Medium SIMD
Latency and Bandwidth 
bottleneck possible

Irregular 
Access,
Gather/Scatter

Bad SIMD
Latency bottleneck 
possible

Bad SIMD
Latency bottleneck
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Detect possible latency or bandwidth issues
Enhanced Memory Analysis 

Is your 
memory 

range small 
enough to fit 

in cache?
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Am I bound by VPU/CPU or by Memory?:
SIMD vs. Memory BandWidth vs. Latency in MAP
Footprint Small enough Big enough

Access Pattern

Unit Stride Effective SIMD
No Latency and BW 
bottlenecks

Effective SIMD
BW bottleneck

“Strided” access:
Const stride (Gather*)

Medium SIMD
Latency bottleneck 
possible

Medium SIMD
Latency and BW 
bottleneck possible

Irregular Access,
Gather

Bad SIMD
Latency bottleneck 
possible

Bad SIMD
Latency bottleneck
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Am I bound by VPU/CPU or by Memory?
ROOFLINE ANALYSIS
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Am I bound by VPU/CPU or by Memory?
Advisor ROOFLINE ANALYSIS

Advisor Roofline
Planned:
• CARM
• Classic
• Mask-aware

Interactively 
mapped to other 
data sources
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Am I bound by VPU/CPU or by Memory?:
Advisor ROOFLINE ANALYSIS

Future 
Advisor 2017
Releases

Register for  “Roofline”  
Alpha Evaluation!

Send request to
vector_advisor@intel.com

mailto:Vector_advisor@intel.com
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Modernizing your Code

To get the most out of your hardware, you need to modernize your code for 
vectorization , memory and threading. 

Taking a methodical approach and taking advantage of the powerful tools in 
Intel® Parallel Studio XE, 

can make the modernization task dramatically easier.

69

Conclusion/Summary



Register for  Intel Advisor 
2017 “Beta”!

Send request to
vector_advisor@intel.com

mailto:Vector_advisor@intel.com
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Mask Utilization and FLOPS profiler
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Why Mask Utilization Important?

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

c[i] = a[i] + b[i];

+

a[i]

b[i]

c[i]

+

a[i+7] a[i+6] a[i+5] a[i+4] a[i+3] a[i+2] a[i+1] a[i]

b[i+7] b[i+6] b[i+5] b[i+4] b[i+3] b[i+2] b[i+1] b[i]

c[i+7] c[i+6] c[i+5] c[i+4] c[i+3] c[i+2] c[i+1] c[i]

100% 
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Why Mask Utilizatoin Important?

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

if (cond(i))

c[i] = a[i] + b[i];

+

a[i]

b[i]

c[i]

+

a[i+7] a[i+6] a[i+5] a[i+4] a[i+3] a[i+2] a[i+1] a[i]

b[i+7] b[i+6] b[i+5] b[i+4] b[i+3] b[i+2] b[i+1] b[i]

c[i+7] c[i+6] c[i+5] c[i+4] c[i+3] c[i+2] c[i+1] c[i]

a[i+7]

cond[i] 1010 1101

3 elements suppressed

SIMD Utilization = 5/8 
(62.5%)
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AVX-512 Mask Registers
8 Mask registers of size 64-bits

 k1-k7 can be used for predication 

– k0 can be used as a destination or source for mask 
manipulation operations

4 different mask granularities.
For instance, at 512b:

 Packed Integer Byte use mask bits [63:0]

– VPADDB zmm1 {k1}, zmm2, zmm3

 Packed  Integer Word use mask bits [31:0]

– VPADDW zmm1 {k1}, zmm2, zmm3

 Packed IEEE FP32 and Integer Dword use mask bits [15:0]

– VADDPS zmm1 {k1}, zmm2, zmm3

 Packed IEEE FP64 and Integer Qword use mask bits [7:0]

– VADDPD zmm1 {k1}, zmm2, zmm3

a7 a6 a5 a4 a3 a2 a1 a0zmm1

b7 b6 b5 b4 b3 b2 b1 b0zmm2

zmm3

k1

b7+c7 a6 b5+c5 b4+c4 b3+c3 b2+c2 a1 a0zmm1

+ + + + + + + +

1 0 1 1 1 1 0 0

c7 c6 c5 c4 c3 c2 c1 c0

128 256 512

Byte 16 32 64

Word 8 16 32

Dw ord/SP 4 8 16

Qw ord/DP 2 4 8

Vector Length

                         

element 

size                                   

VADDPD zmm1 {k1}, zmm2, zmm3
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FLOP, FLOP/s, Mask Utilization Profiler

set ADVIXE_EXPERIMENTAL=FLOPS

advixe-cl.exe --collect survey
Advixe-cl.exe --collect trip counts
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FLOP/s metric

- Integrated with Trip Counts

- Additionally provides L1 bytes traffic and (AVX-
512) Mask Register Utilization

- Currently mapped to loops/functions/workload

- GFLOPs/s 

- Analogy to IPC

- Mask-aware, focus on “useful computation”

- vs. Vector Efficiency
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Vectorization Advisor runs on and optimizes for 
Intel® Xeon Phi™ architecture

AVX-512 ERI – specific to 
Intel® Xeon Phi 

Efficiency (72%), Speed-up (11.5x), 
Vector Length (16)

Performance optimization problem and 
advice how to fix it
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Characterize and compare
AVX-512 against AVX2 versions (on Xeon Phi)

#1 #1
#2

#3
#4

#5
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Increasing Vector Register Size  -> 

Increase fraction of time spent in Remainders

Intel Confidential 80

AVX-512-specific performance trade-offs
Advisor AVX-512 Recommendations
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AVX-512 Also Benefit Scalar Code a lot…
Survey Static Analysis - AVX-512 “Traits”
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AVX-512 Gather/Scatter-based vectorization.

Much wider usage than before :

- Makes much more codes (profitably) vectorizable

- Gives good average performance, but often far from optimal. 

- Demand for explicit profiling and “tweaked” vectorization

82

Gather/Scatter Analysis
Motivation
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Vector loop (vector length = 8)

0x00 0x04 0x08 0x0C 0x10 0x14 0x18 0x1C

Horizontal stride

Vectorized Loop (2 vector iterations, 16 original scalar iterations)

0x00 0x04 0x08 0x0C 0x10 0x14 0x18 0x1C

0x20 0x24 0x28 0x2C 0x30 0x34 0x38 0x3CV
er

ti
ca

ls
tr

id
e 0

1

Gather/Scatter Analysis
Advisor MAP detects gather “offset patterns”.
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Multipath Auto-/explicit vectorisation

84

IA32 AVXSSE4.2

CPUID

Default path 
set by options 
/arch or /Qx
(Linux: -m or –x)

Specialized 
Path. Set by 
/Qax option
(Linux: –ax)

SSE3

Additional paths can be 
added by extending the  
/Qax option e.g. : 
/QaxSSE4.2,AVX,SSE3
(Linux: -axSSE4.2,AVX,SSE3)non-intel intel

Use -ax option 
when compiling to 
create multiple paths 
through code

Start Tuning for AVX-512 without AVX-512 hardware 
Intel® Advisor - Vectorization Advisor “axcode feature”
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Viewing non-executed paths
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Use –axCOMMON-AVX512 –xAVX compiler flags to generate both code-paths

 AVX(2) code path (executed on Haswell and earlier processors)  

 AVX-512 code path for newer hardware

Compare AVX and AVX-512 code characteristics with Intel Advisor

Start Tuning for AVX-512 without AVX-512 hardware 
Intel® Advisor - Vectorization Advisor “axcode feature”

Inserts (AVX2) vs. 
Gathers (AVX-512)

Speed-up estimate: 
13.5x (AVX2) vs.
30.6x (AVX-512) 

Speed-up estimate: 
13.5x (AVX2) vs.
30.6x (AVX-512) 

86



Copyright ©  2015, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice

Vectorization is a tough problem 

It is decomposable into tractable steps

Get help at each step:

 Find the best opportunities

 Improve vectorization effectiveness

 Assure correctness

87

Download Today!
Intel® Parallel Studio XE 2016

Download Today

Google:  

“Intel Advisor 2016”

Web-site:
https://software.intel.com/en-us/intel-advisor-xe

Beta 2017 Registration & Download:
http://bit.ly/PSXE2017-Beta

https://software.intel.com/en-us/intel-advisor-xe
http://bit.ly/PSXE2017-Beta


Backup
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Run several analyses in batch 
as a single run

Contains pre-selected criteria 
for advanced analyses

Batch Mode Workflow Saves Time
Intel® Advisor - Vectorization Advisor

Turn On
Batch Mode

Click 
Collect all

Specify 
analysis 

types to run

Specify 
analysis 

types to run

Select 
analyses to 

run

89
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What is SIMD Data Layer Templates (SDLT)?

• A C++11 template library providing concepts of Containers, accessors, Offsets, 
and Indexes to abstract out different aspects of creating an efficient data 
parallel SIMD program.

• Containers encapsulate the in memory data layout of an Array of “Plain Old 
Data“ objects.

• SIMD loops use accessors with an array subscript operator (just like C++ 
arrays) to read from or write to the objects in the Containers. 

• Offsets can be embedded in accessors or applied to a Index passed to the 
accessors array subscript operator. 

• Since these concepts are abstracted out, multiple concrete versions can exist 
and can encapsulate best known methods, thus avoiding common pitfalls in 
generating efficient SIMD code.

Courtesy Alex Wells
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Many C++ Programs use Array of Structures (AOS) 

• It is very typical for 
programmers to use “Plain 
Old Data” objects and store 
them in array based 
containers. IE: 

• Heap based arrays

• Stack based Variable Length 
Arrays

• std::vector<> 

struct YourStruct
{

float x;
float y;
float z;

};

typedef std::vector<YourStruct> Container;
Container input(count);
Container result(count);

User’s Plain Old Data object

YourStruct input[count];
YourStruct result[count];

YourStruct * input = new YourStruct[count];
YourStruct * result = new YourStruct[count];
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SOA data layout of object using SDLT

• Intent is data be kept in an SOA or ASA Container the entire 
time instead of converting from AOS.

• SDLT's container will internally store the members of 
YourStruct in a (SOA) 
layout.  

• Places aligned arrays inside a single allocated buffer vs. a separate allocation 
per array

• Just like std::vector the Containers own the array data and its 
scope controls the life of that data.

typedef sdlt::s <YourStruct> Container;
Container inputContainer(count);
Container resultContainer(count);
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SDLT Primitives
• How do the Containers discover the data members of your 

struct?

• C++ lacks compile time reflection, so the user must 
with some information on . 

• This is easily done with the SDLT_PRIMITIVE that 
accepts a struct type followed by a list of its data members.

• A struct must be declared as a primitive before it is used as template parameter to a 
Container.

• If just using a built-in type like float, double, int, etc. instead of a struct

• no need to provide a SDLT_PRIMITIVE 

typedef sdlt:: <YourStruct> Container;
Container inputContainer(count);
Container resultContainer(count);

typedef sdlt:: <float> Container;



94
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Faster Code Faster Using Intel® Advisor
Vectorization Threading

More Case 
Studies

“Intel® Advisor’s Vectorization Advisor fills a gap in 
code performance analysis.  It can guide the 
informed user to better exploit the vector capabilities 
of modern processors and coprocessors.”

Dr. Luigi Iapichino
Scientific Computing Expert

Leibniz Supercomputing Centre

"Intel® Advisor’s Vectorization Advisor permitted me 
to focus my work where it really mattered.  When you 
have only a limited amount of time to spend on 
optimization, it is invaluable."

Gilles Civario
Senior Software Architect
Irish Centre for High-End Computing

"Intel® Advisor has been extremely helpful in 
identifying the best pieces of code for parallelization. 
We can save several days of manual work by 
targeting the right loops and we can use Advisor to 
find potential thread safety issues to help avoid 
problems later on."

Carlos Boneti
HPC software engineer, 

Schlumberger

“Intel® Advisor has allowed us to quickly prototype 
ideas for parallelism, saving developer time and 
effort, and has already been used to highlight subtle 
parallel correctness issues in complex multi-file, 
multi-function algorithms.”

Simon Hammond
Senior Technical Staff
Sandia National Laboratories
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https://software.intel.com/en-us/articles/sdp-case-studies
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Get Faster Code Faster!  Intel® Advisor
Thread Prototyping

Have you:
 Threaded an app, but seen little benefit?

 Hit a “scalability barrier”? 

 Delayed release due to sync. errors?

Data Driven Threading Design: 
 Quickly prototype multiple options

 Project scaling on larger systems

 Find synchronization errors before implementing threading 

 Design without disrupting development

http://intel.ly/advisor-xe

Add Parallelism with Less Effort, 
Less Risk and More Impact

“Intel® Advisor has allowed us to quickly 
prototype ideas for parallelism, saving 
developer time and effort”

Simon Hammond
Senior Technical Staff
Sandia National Laboratories

96

http://intel.ly/advisor-xe
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Design Then Implement 
Intel® Advisor Thread Prototyping

Design Parallelism

 No disruption to regular development 

 All test cases continue to work

 Tune and debug the design before you 
implement it

Less Effort, Less Risk, More Impact

Implement Parallelism

1) Analyze it.

97
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Survey
Where should I add parallelism?

Locate where 
parallelism will have 
high impact for your 

application

98
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Design Then Implement 
Intel® Advisor Thread Prototyping

Implement Parallelism

1) Analyze it.


99
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1) Your application can’t fail due to bugs caused by incorrect parallel execution.
(It’s running serially.)

2) You can easily experiment with several different proposals 
before committing to the expense of implementation.

a) Measure performance - focus on where it will pay off.

b) Predict scalability, load balancing and overheads.

c) Predict (and avoid) data races

3) All of your test suites should still pass.
Validate the correctness of your transformations.

4) You can use Advisor on partially or completely parallelized code.

Serial Modeling Has Multiple Benefits
Intel® Advisor

Design, measure and test before implementation

100
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What are annotations?

 Macros (function calls) that can be easily disabled*

 Inform analysis tool about intended parallelization

Example Intel Advisor annotations:
#define ANNOTATE_SITE_BEGIN(NAME)      call annotate_site_begin(NAME)

#define ANNOTATE_SITE_END(NAME)        call annotate_site_end()

#define ANNOTATE_ITERATION_TASK(NAME)  call annotate_iteration_task(NAME)

#define ANNOTATE_TASK_BEGIN(NAME)      call annotate_task_begin(NAME)

#define ANNOTATE_TASK_END(NAME)        call annotate_task_end()

#define ANNOTATE_LOCK_ACQUIRE(ADDRESS) call annotate_lock_acquire(ADDRESS)

#define ANNOTATE_LOCK_RELEASE(ADDRESS) call annotate_lock_release(ADDRESS)

Annotate Sources
Design The Parallelism

Design & Experiment Without Disrupting Development
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Advisor uses 3 primary concepts to create a model

 SITE - A region of code in your application you want to transform into parallel code

 TASK - The region of code in a SITE you want to execute in parallel with the rest of the code in the SITE

 LOCK - Mark regions of code in a TASK which must be serialized

NOTE

 All of these regions may be nested

 You may create more than one SITE

 Just macros, so work with any C/C++ compiler

Advisor Annotation Concepts
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Annotate Sources using Survey Data

Pick out expensive loop 
and add annotations
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Design Then Implement 
Intel® Advisor Thread Prototyping

Implement Parallelism

1) Analyze it.



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Check Suitability
Is it fast enough?

Experiment with modeling by 
changing:

 Number of tasks 

 Task duration

 Runtime modeling

 Threading model

 Target system

Instantly see impact on scalability

Quickly Evaluate Design Alternatives
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Design Then Implement 
Intel® Advisor Thread Prototyping

Implement Parallelism

1) Analyze it.





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Check Correctness

Any data sharing issues?

Are they easy to fix?

Will adding locks wipe out 
the performance gain?

Quickly Evaluate Design Alternatives
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Repeat…
You don’t have to be perfect the first time

Implement Parallelism

1) Analyze it.








Iterative refinement will either:

 Create a suitable and correct 
design

 Conclude no viable design is 
possible

Find out efficiently before 
investing in implementation
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3) Tune it.

4) Check it.

5) Do it!

2) Design it.  
(Compiler ignores 
these annotations.)

Implement with Confidence
Intel® Advisor Thread Prototyping

Implement Parallelism

1) Analyze it.








Faster to Market with Fast Reliable Threading
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Add Parallel Framework

Here is the list of source 
locations

Here are templates for popular 
parallel frameworks

Intel® Advisor

 Contains overhead metrics for popular 
parallel frameworks

 Quickly prototype and evaluate 
alternatives

 Detailed help pages for popular parallel 
frameworks
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Target Intel® Xeon Phi™ coprocessors
Threading design and prototyping for software architects

 New Target Platforms option – See modeling based on:

 Intel® Xeon® processors or 

 Intel® Xeon Phi™ coprocessors

Site ready for 
Intel Xeon Phi 
Coprocessors

Make better design decisions with more confidence

Site not ready for 
Intel Xeon Phi 
Coprocessors
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Faster Code Faster with Data Driven Design
Intel® Advisor – Vectorization Optimization and Thread Prototyping

Breakthrough for Threading Design: 
 Quickly prototype multiple options

 Project scaling on larger systems

 Find synchronization errors before 
implementing threading 

 Design without disrupting development

http://intel.ly/advisor-xe

Part of Intel® Parallel StudioAdd Parallelism with Less Effort, Less Risk and More Impact

Faster Vectorization Optimization:
 Vectorize where it will pay off most

 Quickly ID what is blocking vectorization

 Tips for effective vectorization

 Safely force compiler vectorization

 Optimize memory stride

New!
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How to Align Data

• Allocate memory on heap aligned to n byte boundary:
void* _mm_malloc(int size, int n)

int posix_memalign(void **p, size_t n, size_t size)

[NEW Intel Compiler 15] #include <aligned_new>

• Alignment for variable declarations:

__attribute__((aligned(n)))  var_name (C++11 alignas also OK )

And tell the compiler…

#pragma vector aligned

• Asks compiler to vectorize, overriding cost model, and assuming all array data accessed in 
loop are aligned for targeted processor

• May cause fault if data are not aligned

__assume_aligned(array, n)

• Compiler may assume array is aligned to n byte boundary

typedef double* __attribute__((align_value(32))) A_DBL; 
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n=64 for Intel® Xeon Phi™ coprocessors, n=32 for AVX, n=16 for SSE 

Courtesy Rakesh K
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Vectorizing Compiler
Squeeze all the performance out of the latest instruction set

Threaded Performance Libraries
Pre-vectorized, pre-threaded, pre-optimized

High Level Parallel Models
Productive solutions for thread, process & vector parallelism

Parallel Performance Profilers
Quickly discover bottlenecks and tune for high performance

Thread Debugger
Find and debug non-deterministic threading errors

Vectorization Optimization and Thread 
Prototyping
Data driven design tools help you vectorize & thread effectively

Intel® Parallel Studio XE
Faster code faster! 
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Download Today

Google:  

“Intel Parallel 
Studio 2016”

Or go directly to:
https:
//software.intel.com
/en-us/articles/
intel-parallel-studio-
xe-2016-beta
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Vectorization Guide:      https://software.intel.com/articles/a-guide-to-auto-vectorization-with-intel-c-compilers/

Explicit Vector Programming in Fortran:
https://software.intel.com/articles/explicit-vector-programming-in-fortran

Optimization Reports:   https://software.intel.com/videos/getting-the-most-out-of-the-intel-compiler-with-new-
optimization-reports

Beta Registration & Download:  https://software.intel.com/en-us/articles/
intel-parallel-studio-xe-2016-beta

For Intel® Xeon Phi™ coprocessors, but also applicable:
https://software.intel.com/en-us/articles/vectorization-essential
https://software.intel.com/en-us/articles/fortran-array-data-and-arguments-and-vectorization

Intel® Composer XE   User and Reference Guides:
https://software.intel.com/compiler_15.0_ug_c
https://software.intel.com/compiler_15.0_ug_f

Compiler User Forums:  http://software.intel.com/forums
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Additional Resources
All links start with:  https://software.intel.com/

https://software.intel.com/articles/a-guide-to-auto-vectorization-with-intel-c-compilers/
https://software.intel.com/articles/explicit-vector-programming-in-fortran
https://software.intel.com/videos/getting-the-most-out-of-the-intel-compiler-with-new-optimization-reports
https://software.intel.com/en-us/articles/intel-parallel-studio-xe-2016-beta
https://software.intel.com/en-us/articles/vectorization-essential
https://software.intel.com/en-us/articles/fortran-array-data-and-arguments-and-vectorization
https://software.intel.com/compiler_15.0_ug_c
https://software.intel.com/compiler_15.0_ug_f
http://software.intel.com/forums
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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. 

Copyright © 2015, 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.

Optimization Notice

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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Configurations for Binomial Options SP

Platform

Unscaled 
Core 

Frequenc
y

Cores/
Socket 

Num
Sockets

L1 
Data 

Cache
L1 I 

Cache
L2 

Cache
L3 

Cache Memory

Memory 
Frequenc

y
Memory 
Access 

H/W 
Prefetchers 

Enabled
HT 

Enabled
Turbo 

Enabled C States
O/S 

Name
Operating 

System
Compiler 
Version

Intel® Xeon™
5472 Processor 3.0 GHZ 4 2 32K 32K 12 MB None 32 GB 800 MHZ UMA Y N N

Disable
d

Fedora 
20

3.11.10-
301.fc20

icc version 
14.0.1

Intel® Xeon™ 
X5570 Processor 2.93 GHZ 4 2 32K 32K 256K 8 MB 48 GB

1333 
MHZ NUMA Y Y Y

Disable
d

Fedora 
20

3.11.10-
301.fc20

icc version 
14.0.1

Intel® Xeon™ 
X5680 Processor 3.33 GHZ 6 2 32K 32K 256K 12 MB 48 MB

1333 
MHZ NUMA Y Y Y

Disable
d

Fedora 
20

3.11.10-
301.fc20

icc version 
14.0.1

Intel® Xeon™ E5
2690 Processor 2.9 GHZ 8 2 32K 32K 256K 20 MB 64 GB

1600 
MHZ NUMA Y Y Y

Disable
d

Fedora 
20

3.11.10-
301.fc20

icc version 
14.0.1

Intel® Xeon™ E5 
2697v2

Processor 2.7 GHZ 12 2 32K 32K 256K 30 MB 64 GB
1867 
MHZ NUMA Y Y Y

Disable
d

Fedora 
20

3.11.10-
301.fc20

icc version 
14.0.1

Codename 
Haswell 2.2 GHz 14 2 32K 32K 256K 35 MB 64 GB

2133 
MHZ NUMA Y Y Y

Disable
d

Fedora 
20

3.13.5-
202.fc20

icc version 
14.0.1

Platform Hardware and Software Configuration

Optimization Notice
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

Performance measured in Intel Labs by Intel employees






