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Optimization & Vectorization  

J. Bikker - Sep-Nov 2015  - Lecture 7: “SIMD (2)”

Welcome!



Today’s Agenda:

 Recap

 Flow Control

 Assignment 2



SSE: Four Floats

union
{

__m128 a4;
float a[4];

};

a4 = _mm_sub_ps( val1, val2 );
float sum = a[0] + a[1] + a[2] + a[3];

__m128 b4 = _mm_sqrt_ps( a4 );
__m128 m4 = _mm_max_ps( a4, b4 );
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Recap



SSE: Four Floats
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Recap

_mm_add_ps
_mm_sub_ps
_mm_mul_ps
_mm_div_ps

_mm_sqrt_ps
_mm_rcp_ps
_mm_rsqrt_ps

_mm_add_epi32
_mm_sub_epi32
_mm_mul_epi32
_mm_div_epi32

_mm_sqrt_epi32
_mm_rcp_epi32
_mm_rsqrt_epi32

_mm_cvtps_epi32
_mm_cvtepi32_ps

_mm_slli_epi32
_mm_srai_epi32

_mm_cmpeq_epi32

_mm_add_epi16
_mm_sub_epi16

_mm_add_epu8
_mm_sub_epu8

_mm_mul_epu32

_mm_add_epi64
_mm_sub_epi64



SIMD, Intel way : SSE2  Needfull Things
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Recap

 Separated streams

 Many different data types

 High performance

Remains one problem:

Stream programming is rather different from regular programming.



union {                __m128 x4[128]; };
union {                __m128 y4[128]; };
union {                __m128 z4[128]; };
union {                __m128i mass4[128]; };

SSE: Four Floats
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Recap

struct Particle
{

float x, y, z;
int mass;

};
Particle particle[512];

float x[512];
float y[512];
float z[512];
int mass[512];
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SSE: Four Floats
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Today’s Agenda:

 Recap

 Flow Control

 Assignment 2



Broken Streams

INFOMOV – Lecture 7 – “SIMD (2)” 9

Flow Control



Broken Streams
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Flow Control

_mm_cmpeq_ps ==
_mm_cmplt_ps <
_mm_cmpgt_ps >
_mm_cmple_ps <=
_mm_cmpge_ps >=
_mm_cmpne_ps !=

Result of a comparison: __m128    (so, 128 bits for four results)

Meaning: 32bits are set to 1 if ‘true’, or ‘0’ when false.

The purpose of this is masking.



Broken Streams
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Flow Control

float a[4] = { 1, -5, 3.14f, 0 }; 
if (a[0] < 0) a[0] = 999;
if (a[1] < 0) a[1] = 999;
if (a[2] < 0) a[2] = 999;
if (a[3] < 0) a[3] = 999;

in SSE:

__m128 a4 = _mm_set_ps( 1, -5, 3.14f, 0 );
__m128 nine4 = _mm_set_ps1( 999 );
__m128 zero4 = _mm_setzero_ps();
__m128 mask = _mm_cmplt_ps( a4, zero4 );

00000000000000000000000000000000111111111111111111111111111111110000000000000000000000000000000000000000000000000000000000000000



Broken Streams
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Flow Control

__m128 a4 = _mm_set_ps( 1, -5, 3.14f, 0 );
__m128 nine4 = _mm_set_ps1( 999 );
__m128 zero4 = _mm_setzero_ps();
__m128 mask = _mm_cmplt_ps( a4, zero4 );

00000000000000000000000000000000111111111111111111111111111111110000000000000000000000000000000000000000000000000000000000000000

__m128 part1 = _mm_and_ps( mask, nine4 ); 
// yields: { 0, 999, 0, 0 }

__m128 part2 = _mm_andnot_ps( mask, a4 ); 
// yields: { 1, 0, 3.14, 0 }

a4 = _mm_or_ps( part1, part2 );
// yields: { 1, 999, 3.14, 0 }



Broken Streams
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Flow Control

for ( int i = 0; i < 4; i++ ) if (alive[i])
{

vx[i] += 0.5f * g * m[i];
vy[i] += 0.5f * g * m[i];

}

…becomes:

for ( int i = 0; i < 4; i++ )
{

vx[i] += 0.5f * g * m[i] * (alive[i] & 1);
vy[i] += 0.5f * g * m[i] * (alive[i] & 1);

}



Broken Streams
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Flow Control

for ( int i = 0; i < 4; i++ )
{

vx[i] += 0.5f * g * m[i] * alive[i];
vy[i] += 0.5f * g * m[i] * alive[i];

}

Handling streams that should not update anything:

Just execute them, but mask out the results.



Broken Streams
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Flow Control



Today’s Agenda:

 Recap

 Flow Control

 Assignment 2



Option 1

“Vectorize the Gravity simulation.”

Specifically: after vectorizing the DrawBackdrop method,  
the function UpdateParticles is now the new bottleneck.

The body of this method can be split in three loops:

1. Spawning;
2. Updating;
3. Plotting.

Apply SSE to each of the loops. Note: this requires a rigorous 
data conversion.

This is a solo assignment.
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Assignment 2 Fine print / details:

 For this assignment, you may use SSE2..4 (__m128) or AVX.
 A correct solution does not contain excessive data 

conversion in critical parts. You may want to convert certain 
data from AoS to SoA to ensure this.

 A correct solution only falls back to scalar code when 
absolutely necessary.

 Original functionality must remain intact and unaltered.

Deliverables:

For this assignment, no report is necessary. Your submission 
may consist of only your modified game.cpp. If you feel a 
report is useful to point out a particular interesting trick you 
applied, feel free to provide a report anyway.

Grading:

Your submission will be graded on the quality of the SSE code. 
A high-quality solution uses the correct data layout, relies as 
little as possible on non-vectorized code, yields the same 
output as the original code, and is as accurate as reasonably 
required.

Valid shortcuts:

Things like sacrificing the top-left pixel for better performance 
is acceptable. For other sacrifices, ask me if it’s ok.



Option 2 (recommended)

Optimize ‘rts’.

In preparation for the final assignment, you are 
encouraged to test your skills on the provided small 
real-time strategy game. Optimize this application 
using any means you see fit.

Important: apply the structured process.

You may work on this project in a team of max 3 
students.
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Assignment 2 Fine print / details:

 This assignment serves as an exercise project in preparation 
for the final project, in which you optimize an application of 
your choice using the structured process mentioned in 
lecture 1 and 2.

 The assignment provides ample opportunities for high level, 
low level and SIMD optimizations.

 It is crucial that your optimizations are guided by profiling. 
Your report should make it abundantly clear that you 
followed this approach.

 The purpose of the optimization session is to support larger 
armies at higher frame rates.

 All optimizations are allowed (including using multiple cores 
and the GPU if you are able to do this). However, successful 
high level optimizations will yield the biggest performance 
increase; these will therefore also have the biggest impact 
on your grade.

 Executing the structured process correctly will yield a better 
score than extreme technical skills.

Deliverables:

For this assignment, a detailed report is required: analyze 
initial bottlenecks and scalability issues; propose algorithmic 
improvements; report on implemented algorithmic 
improvements; report on low level and SIMD improvements. 
Please also explain how the work was divided over the team 
members.



Assignment 2 Practical Details

For both options, the deadline is Tuesday, October 13, 23:59.
Date for ‘late delivery’ is Wednesday, October 14, 23:59.

Reminder: SIMD assignment is for individual students only. No team.
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Assignment 2
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END of “SIMD (2)”
next lecture: “Fixed Point Math”


