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Векторные операции (SIMD)

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]
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AVX2

16 vector 

registers

AVX512

32 vector

registers

• More and wider vector registers

• Masked vector instructions

• High-accuracy approximate reciprocal instructions

Intel Confidential 3

Vector registers in Intel Architectures

16x floats

8x doubles

8x floats

4x doubles



Без векторизации
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Используйте весь параллелизм

Intel Advisor XE: Threading Vectorization

 
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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
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Каков потенциал?

Threaded Vectorized

 

 Scalar

Single Thread 

Single Thread Scalar

http://www.intel.com/performance
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Различные способы 
векторизации

ЛегкийКомпилятор: 
Авто-векторизация (без изменения кода)

Сложный

Компилятор : 
Директивы для векторизации

Классы SIMD intrinsic
(например: F32vec, F64vec, …)

Векторные intrinsic функции
(например : _mm_fmadd_pd(…), _mm_add_ps(…), …)

Чистый ассемблер
(например : [v]addps, [v]addss, …)

Компилятор : 
Intel® Cilk™ Plus Array Notation
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Различные способы 
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Пример vec/v0.cpp

void foo(int *A, int N, int n)

{

int i;

for (i=N; i<n+N; i++){

A[i] = A[i] + A[i-N];

}

}

http://software.intel.com/en-us/articles/optimization-notice
http://software.intel.com/en-us/articles/optimization-notice
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Пример vec/v0.cpp

void foo(int *A, int N, int n)

{

int i;

#pragma omp simd safelen(4)

for (i=N; i<n+N; i++){

A[i] = A[i] + A[i-N];

}

}

http://software.intel.com/en-us/articles/optimization-notice
http://software.intel.com/en-us/articles/optimization-notice
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Пример vec/v01.cpp

short sum(float *A, int n)

{

int i, x = 0, xt = 0, N;

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

xt = x + A[i]*2;

x = xt + N;

}

return x;

}

http://software.intel.com/en-us/articles/optimization-notice
http://software.intel.com/en-us/articles/optimization-notice
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Пример vec/v01.cpp

short sum(float *A, int n)

{

int i, x = 0, xt = 0, N;

#pragma omp simd reduction(+:x)

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

xt = x + A[i]*2;

x = xt + N;

}

return x;

}

http://software.intel.com/en-us/articles/optimization-notice
http://software.intel.com/en-us/articles/optimization-notice
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В чём проблема?
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В чём проблема?

Зависимости по данным

DO I = 1, N

A(I+1) = A(I) + B(I)

ENDDO
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В чём проблема?

DO I = 1, N

A(I+1) = A(I) + B(I)

ENDDO

Зависимости по данным

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

x = x0 + i * h;

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

}

Вызов функции
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В чём проблема?

DO I = 1, N

A(I+1) = A(I) + B(I)

ENDDO

Зависимости по данным

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

x = x0 + i * h;

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

}

Вызов функции

void scale(int *a, int *b)

{   

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

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

}

Возможные зависимости
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В чём проблема?

Зависимости по данным

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

x = x0 + i * h;

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

}

Вызов функции

struct _x { int d; int bound; };

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

{

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

a[i] = 0;

}

Переменное число итераций

Возможные зависимости

DO I = 1, N

A(I+1) = A(I) + 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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В чём проблема?

Зависимости по данным

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

x = x0 + i * h;

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

}

Вызов функции

struct _x { int d; int bound; };

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

{

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

a[i] = 0;

}

Переменное число итераций

Неравномерные доступ к памяти

Возможные зависимости

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

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

DO I = 1, N

A(I+1) = A(I) + 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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В чём проблема?

Зависимости по данным

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

x = x0 + i * h;

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

}

Вызов функции

struct _x { int d; int bound; };

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

{

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

a[i] = 0;

}

Переменное число итераций

Неравномерные доступ к памяти

Внешний циклВозможные зависимости

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

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

D[i][j] += 1; 

}

}

void scale(int *a, int *b)

{   

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

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

}

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

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

DO I = 1, N

A(I+1) = A(I) + B(I)

ENDDO



#pragma omp simd reduction(+:….)

for(p=0; p<N; p++) {
// Blue work
if(…) {

// Green work
} else {

// Red work
}
while(…) {

// Gold work
// Purple work

}
y = foo (x);
Pink work

}

Vectorization today
p=0

2

Are all
lanes done?

p=0..1

Function call

x1

y1

Vector Function call

x1, x2

y1, y2

p=1

3

Function call

x2

y2

Increasing need for user guided explicit vectorization
Explicit vectorization maps threaded execution to simd hardware

Two fundamental problems
 Data divergence
 Control divergence 
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1

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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Диагностика SIMD циклов
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Диагностика SIMD циклов
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Диагностика SIMD циклов

Скалярный или 
векторный
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Диагностика SIMD циклов

Тип инструкций

Скалярный или 
векторный
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Диагностика SIMD циклов

Длина вектораТип инструкций

Скалярный или 
векторный
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Диагностика SIMD циклов

Длина вектораТип инструкций

Количество 
итераций Скалярный или 

векторный
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Диагностика SIMD циклов

Длина вектораТип инструкций
Время ЦПУ

Количество 
итераций Скалярный или 

векторный
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Диагностики в исходном коде
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Эффективность векторного цикла

Реальная эффективность

Скалярный код
Максимальная эффективность
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Части векторного цикла



32

Число итераций

Число 
вызовов

Число 
итераций



2. Рекомендации1. Диагностика SIMD



Найдены “Vector Issues”

Рекомендации

28



Найдены “Vector Issues”

Подробное описание 
типичных проблем

Рекомендации

29



Рекомендации

30



Рекомендации

31



2. Рекомендации1. Диагностика SIMD циклов

3. Анализ зависимостей
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Зависимости по данным

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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Анализ зависимостей

Компилятор подозревает 
зависимости

Проверка на реальные 
зависимости
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Реально существующие зависимости



2. Рекомендации1. Диагностика SIMD циклов

3. Анализ зависимостей 4. Анализ доступов к памяти



Шаблоны доступа к памяти

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

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

Unit-Stride access 
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Шаблоны доступа к памяти

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

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

Unit-Stride access 

Constant stride access 
for (i=0; i<N; i++) 

point[i].x = x[i]
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Шаблоны доступа к памяти

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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Анализ шаблонов доступа

Выделяем интересующие 
нас циклы

Запускаем анализ 
шаблонов доступа

40



Constant stride, “Array of Structures”

Unit/Constant/Variable

Unit stride access

Variable or random access

Шаблоны доступа

41



Improving vectorization: data layout
Reminder from “Best practices for Vectorization” talk

Vectorization more efficient with unit 
strides

• Non-unit strides will generate gather/scatter

• Unit strides also better for data locality

• Compiler might refuse to vectorize

AoS vs SoA
• Layout your data as Structure of Arrays (SoA)

Traverse matrices in the right direction
• C/C++: a[i][:], Fortran: a(:,i)

• Loop interchange might help
• Usually the compiler is smart enough to apply it

• Check compiler optimization report

48

// Structure of Arrays (SoA)

struct coordinate {

float x[N], y[N], z[N];

} crd;

…

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

… = … f(crd.x[i], crd.y[i], crd.z[i]);

// Array of Structures (AoS)

struct coordinate {

float x, y, z;

} crd[N];

…

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

… = … f(crd[i].x, crd[i],y, crd[i].z);

x0 x1 … x(n-1) y0 y1 … y(n-1) z0 z1 … z(n-1)

x0 y0 z0 x1 y1 z1 … x(n-1) y(n-1) z(n-1)

Consecutive elements in memory

Array of Structures vs Structure of Arrays

Consecutive elements in memory



Available since Intel® Advisor 2017 Update 2

Accessible since Intel® Advisor 2017 Update 1 (experimental feature)
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Roofline Automation in Intel Advisor 2017 Update 1-2

• Interactive mapping to source and performance profile

• Synergy between Vector Advisor and Roofline: FMA example

• Customizable chart

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

Each Roof (slope)
Gives peak CPU/Memory throughput 
of your  PLATFORM (benchmarked)
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Roofline model: Am I bound by VPU/CPU or by Memory?

52

A B C

What makes loops 
A, B, C different? 
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Am I bound by VPU/CPU or by Memory?
ROOFLINE ANALYSIS
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Advisor 
“Cache-aware”
Roofline

AI = #FLOP/#Byte

Purely Cache/DRAM-bound

Purely 
compute 
bound
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Cache-Aware vs. Classic Roofline

AI = # FLOP / # BYTE

AI_DRAM =

# FLOP/ # BYTES (CPU & Cache  DRAM) 

- “DRAM traffic” (or MCDRAM-traffic-based)

- Variable for the same code/platform (varies with dataset size/trip count)

- Can be measured relative to different memory hierarchy levels – cache 
level, HBM, DRAM

AI_CARM =

# FLOP / # BYTES (CPU Memory Sub-system)  

- “Algorithmic”, “Cumulative (L1+L2+LLC+DRAM)” traffic-based

- Invariant for the given code / platform combination

- Typically AI_CARM < AI_DRAM
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Bytes and FLOP/S in Intel (a ka “vector”) Advisor

Intel Advisor: “Cache Aware” Roofline automation
• #FLOP, seconds, Bytes and IP/RVA mapping put altogether

• Break-down by application phases, loops and functions

• Give FLOP/s from NHM to KNL even if counters do not exist

• Measure L1 <-> Register traffic: what CPU demands from memory 
sub-system to make a computation

• Cumulative traffic through L1/L2/LLC/DRAM/MCDRAM
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FLOPs

Binary Instrumentation
Does not rely on CPU 
counters

Seconds

User-mode
sampling

Root access not 
needed

Bytes

Binary Instrumentation
Counts operands size (not cachelines)

Roofs

Microbenchmarks
Actual peak for the 
current configuration

AI = Flop/byte

Performance = Flops/seconds

Advisor Roofline: under the hood:
FLOP/S = #FLOP (AVX-512 mask aware) / #Seconds. 
AI = #FLOP / #Bytes
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Mask Utilization and FLOPS profiler
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AVX-512 FLOPS and Mask profiler
Low mask population -> 
low performance (in spite 
of “high SIMD efficiency”)

Lower Arithmetic Intensity -> 

Lower FLOPS and Efficiencies
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Getting FLOP/S in Advisor

FLOP/S
= #FLOP/Seconds

Seconds #FLOP 
- Mask Utilization
- #Bytes

Step 1: Survey
- Non intrusive. Representative
- Output: Seconds (+much more)

Step 2: Trip counts+FLOPS
- Precise, instrumentation based
- Physically count Num-Instructions
- Output: #FLOP, #Bytes

Intel Confidential
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Why Mask Utilization is 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%

#FLOP (MAX = 8): 8 
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Why Mask Utilization 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]

cond[i] 1010 1101

3 elements suppressed

Mask Utilization = 5/8 

62.5%

#FLOP (MAX = 8): 5 
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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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• Native AVX-512 profiling on KNL

• Precise FLOPs and Mask Utilization profiler

• AVX-512 Advices and “Traits”

• And more..

• Performance Summary for AVX-512 codes

• AVX-512 Gather/Scatter Profiler

• No access to AVX-512 Hardware yet?

• Explore AVX-512 code with –axcode flags and 
new Advisor Survey capability!

Advisor 2017: AVX-512 specific performance insights
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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”.




