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The Hype Cycle
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Gartner Hype Cycle
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Performance

Harju, Ari & Siro, Topi & Canova, Filippo & Hakala, Samuli & Rantalaiho, Teemu. (2012). 
Computational Physics on Graphics Processing Units. 10.1007/978-3-642-36803-5_1. 

CPUs

Professional 
GPUs

Consumer GPUs
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Nvidia Quadro RTX 6000
• 24GB GDDR6 GPU memory
• 384-bit memory interface
• Up to 672GB/s memory bandwidth

• 4,608 CUDA cores+576 Tensor cores+72 RT(Ray Tracing) cores
• 16.3 TFLOPS single-precision performance
• 130.5 TFLOPS tensor performance
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Graphics Pipeline
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Programmable

GLSL, HLSL, etc

Programmable

GLSL, HLSL, etc
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OpenGL Shading 
Language (GLSL),
High-level Shader 
Language (HLSL)



Cache and Multicore
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Performance (Instruction-Level Parallelism)
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Performance (Memory Hierarchy)

Highest 
performance 

with data here

Higher 
performance 

with data here

Not so good 
performance 

with data here
10



Graphics pipeline, reprise
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Pipeline can be executed on CPU
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Why?
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A More Refined (Programmer-Oriented) Taxonomy
• Three major modes: SIMD, Shared Memory, Distributed Memory
• Different programming approaches are generally associated with different 

modes of parallelism (threads for shared, MPI for distributed)
• A modern supercomputer will have all three major modes present
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http://www.cise.ufl.edu/resea
rch/ParallelPatterns/PatternLa
nguage/Background/ParallelH
ardware.htm
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We are here now
We will cover this 

next week



For what are CPUs optimized?
• CPUs are optimized for ____________________

14



To carry out those optimizations
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Optimize instead for graphics pipeline
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Eight is better than two, innit?
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But there is just one problem

• And the problem is ____________
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But there is just one problem
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Redundant hardware
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Redundant hardware
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Single Instruction

Multiple Data
SIMD!

24



Why stop now
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ALU ALU ALU ALU
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(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
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State 
(context)

Shared state (context)

Fetch Decode Read Execute Write

ALU ALU ALU ALU

ALU ALU ALU ALU

State 
(context)
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State 
(context)
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State 
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State 
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16 cores

128 ALUs

16 instruction 
streams
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SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Single instruction 
at a time

All execution 
units execute in 

(c)lock step

But each have 
their own data
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SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Fetch / decode

Execute

Each have 
their own x

if (x < 0) {
x = -x;

}
<latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

Each do their 
own evaluation

Each have their 
own true/false

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit> f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit> Simultaneously
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SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Fetch / decode

Execute

if (x < 0) {
x = -x;

}
<latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>
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own true/false
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t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit>

What next?

What is the next 
instruction?

Where is it 
evaluated?
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SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Fetch / decode

Execute

if (x < 0) {
x = -x;

}
<latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit><latexit sha1_base64="PnFpUUufhXCjFmX+23UQUT2FJtI="></latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

Each do their 
own evaluation

Each have their 
own true/false

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit> f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit>

x = -x;
<latexit sha1_base64="ZDLh8gz/bbEcLYF0IyLoc/fQbms=">AAACNXicbVDLSsNAFJ34Nr6iLt0MFsGNJRFERQTRjUsFq4WmlMnkth2cTMLMjVpCv8XP8Avc6tqFO3XrLzitFbV6YOBwzj3cOyfKpDDo+0/OyOjY+MTk1LQ7Mzs3v+AtLp2bNNccKjyVqa5GzIAUCiooUEI108CSSMJFdHnU8y+uQBuRqjPsZFBPWEuJpuAMrdTwdsNe8lrE2KZBeUsoN4ygJVSRCIUQdwueZV33hu7TjZs9NwQVfzkNr+SX/T7oXxIMSIkMcNLwXsM45XkCCrlkxtQCP8N6wTQKLqHrhrmBjPFL1oKapYolYOpF/4tdumaVmDZTbZ9C2ld/JgqWGNNJIjuZMGybYa8n/ufVcmzu1AuhshxB8c9FzVxSTGmvLxoLDRxlxxLGtbC3Ut5mmnG0rf7a8t1LMNzCX3K+WQ4sP90sHRwOGpoiK2SVrJOAbJMDckxOSIVwckvuyQN5dO6cZ+fFefscHXEGmWXyC877B59crAY=</latexit><latexit sha1_base64="ZDLh8gz/bbEcLYF0IyLoc/fQbms=">AAACNXicbVDLSsNAFJ34Nr6iLt0MFsGNJRFERQTRjUsFq4WmlMnkth2cTMLMjVpCv8XP8Avc6tqFO3XrLzitFbV6YOBwzj3cOyfKpDDo+0/OyOjY+MTk1LQ7Mzs3v+AtLp2bNNccKjyVqa5GzIAUCiooUEI108CSSMJFdHnU8y+uQBuRqjPsZFBPWEuJpuAMrdTwdsNe8lrE2KZBeUsoN4ygJVSRCIUQdwueZV33hu7TjZs9NwQVfzkNr+SX/T7oXxIMSIkMcNLwXsM45XkCCrlkxtQCP8N6wTQKLqHrhrmBjPFL1oKapYolYOpF/4tdumaVmDZTbZ9C2ld/JgqWGNNJIjuZMGybYa8n/ufVcmzu1AuhshxB8c9FzVxSTGmvLxoLDRxlxxLGtbC3Ut5mmnG0rf7a8t1LMNzCX3K+WQ4sP90sHRwOGpoiK2SVrJOAbJMDckxOSIVwckvuyQN5dO6cZ+fFefscHXEGmWXyC877B59crAY=</latexit><latexit sha1_base64="ZDLh8gz/bbEcLYF0IyLoc/fQbms=">AAACNXicbVDLSsNAFJ34Nr6iLt0MFsGNJRFERQTRjUsFq4WmlMnkth2cTMLMjVpCv8XP8Avc6tqFO3XrLzitFbV6YOBwzj3cOyfKpDDo+0/OyOjY+MTk1LQ7Mzs3v+AtLp2bNNccKjyVqa5GzIAUCiooUEI108CSSMJFdHnU8y+uQBuRqjPsZFBPWEuJpuAMrdTwdsNe8lrE2KZBeUsoN4ygJVSRCIUQdwueZV33hu7TjZs9NwQVfzkNr+SX/T7oXxIMSIkMcNLwXsM45XkCCrlkxtQCP8N6wTQKLqHrhrmBjPFL1oKapYolYOpF/4tdumaVmDZTbZ9C2ld/JgqWGNNJIjuZMGybYa8n/ufVcmzu1AuhshxB8c9FzVxSTGmvLxoLDRxlxxLGtbC3Ut5mmnG0rf7a8t1LMNzCX3K+WQ4sP90sHRwOGpoiK2SVrJOAbJMDckxOSIVwckvuyQN5dO6cZ+fFefscHXEGmWXyC877B59crAY=</latexit><latexit sha1_base64="ZDLh8gz/bbEcLYF0IyLoc/fQbms=">AAACNXicbVDLSsNAFJ34Nr6iLt0MFsGNJRFERQTRjUsFq4WmlMnkth2cTMLMjVpCv8XP8Avc6tqFO3XrLzitFbV6YOBwzj3cOyfKpDDo+0/OyOjY+MTk1LQ7Mzs3v+AtLp2bNNccKjyVqa5GzIAUCiooUEI108CSSMJFdHnU8y+uQBuRqjPsZFBPWEuJpuAMrdTwdsNe8lrE2KZBeUsoN4ygJVSRCIUQdwueZV33hu7TjZs9NwQVfzkNr+SX/T7oXxIMSIkMcNLwXsM45XkCCrlkxtQCP8N6wTQKLqHrhrmBjPFL1oKapYolYOpF/4tdumaVmDZTbZ9C2ld/JgqWGNNJIjuZMGybYa8n/ufVcmzu1AuhshxB8c9FzVxSTGmvLxoLDRxlxxLGtbC3Ut5mmnG0rf7a8t1LMNzCX3K+WQ4sP90sHRwOGpoiK2SVrJOAbJMDckxOSIVwckvuyQN5dO6cZ+fFefscHXEGmWXyC877B59crAY=</latexit>

Instructions 
go to all EUs

Ignored by 
some
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if (x < 0) {
x = -x;

} else {
x = 0;

}
<latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit>

SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Fetch / decode

Execute

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

Each do their 
own evaluation

Each have their 
own true/false

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit> f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit>

Instructions 
go to all EUs

Ignored by 
other set

Also must 
execute the else

x = 0;
<latexit sha1_base64="e93uTvbYQrAfQuKxN24xOoxNV/0=">AAACNHicbVDLSgMxFM34dnxVXboJFsFVmRHEggiiG5cVrC10SslkbttgJjMkd9Qy9Ff8DL/Are4Fd9Kt32BaK1rrgcDhnHu4NydMpTDoea/OzOzc/MLi0rK7srq2vlHY3Lo2SaY5VHkiE10PmQEpFFRRoIR6qoHFoYRaeHM+9Gu3oI1I1BX2UmjGrKNEW3CGVmoVysEweSci7FK/dCiUG4TQESqPhUKI+jlP0757T0+od+wGoKJvo1UoeiVvBDpN/DEpkjEqrcIgiBKexaCQS2ZMw/dSbOZMo+AS+m6QGUgZv2EdaFiqWAymmY9+2Kd7VoloO9H2KaQj9XciZ7ExvTi0kzHDrvnrDcX/vEaG7XIzFyrNEBT/WtTOJMWEDuuikdDAUfYsYVwLeyvlXaYZR1vqxJafXvy/LUyT64OSb/nlQfH0bNzQEtkhu2Sf+OSInJILUiFVwskDeSLP5MV5dN6cd2fwNTrjjDPbZALOxyeqZquH</latexit><latexit sha1_base64="e93uTvbYQrAfQuKxN24xOoxNV/0=">AAACNHicbVDLSgMxFM34dnxVXboJFsFVmRHEggiiG5cVrC10SslkbttgJjMkd9Qy9Ff8DL/Are4Fd9Kt32BaK1rrgcDhnHu4NydMpTDoea/OzOzc/MLi0rK7srq2vlHY3Lo2SaY5VHkiE10PmQEpFFRRoIR6qoHFoYRaeHM+9Gu3oI1I1BX2UmjGrKNEW3CGVmoVysEweSci7FK/dCiUG4TQESqPhUKI+jlP0757T0+od+wGoKJvo1UoeiVvBDpN/DEpkjEqrcIgiBKexaCQS2ZMw/dSbOZMo+AS+m6QGUgZv2EdaFiqWAymmY9+2Kd7VoloO9H2KaQj9XciZ7ExvTi0kzHDrvnrDcX/vEaG7XIzFyrNEBT/WtTOJMWEDuuikdDAUfYsYVwLeyvlXaYZR1vqxJafXvy/LUyT64OSb/nlQfH0bNzQEtkhu2Sf+OSInJILUiFVwskDeSLP5MV5dN6cd2fwNTrjjDPbZALOxyeqZquH</latexit><latexit sha1_base64="e93uTvbYQrAfQuKxN24xOoxNV/0=">AAACNHicbVDLSgMxFM34dnxVXboJFsFVmRHEggiiG5cVrC10SslkbttgJjMkd9Qy9Ff8DL/Are4Fd9Kt32BaK1rrgcDhnHu4NydMpTDoea/OzOzc/MLi0rK7srq2vlHY3Lo2SaY5VHkiE10PmQEpFFRRoIR6qoHFoYRaeHM+9Gu3oI1I1BX2UmjGrKNEW3CGVmoVysEweSci7FK/dCiUG4TQESqPhUKI+jlP0757T0+od+wGoKJvo1UoeiVvBDpN/DEpkjEqrcIgiBKexaCQS2ZMw/dSbOZMo+AS+m6QGUgZv2EdaFiqWAymmY9+2Kd7VoloO9H2KaQj9XciZ7ExvTi0kzHDrvnrDcX/vEaG7XIzFyrNEBT/WtTOJMWEDuuikdDAUfYsYVwLeyvlXaYZR1vqxJafXvy/LUyT64OSb/nlQfH0bNzQEtkhu2Sf+OSInJILUiFVwskDeSLP5MV5dN6cd2fwNTrjjDPbZALOxyeqZquH</latexit><latexit sha1_base64="e93uTvbYQrAfQuKxN24xOoxNV/0=">AAACNHicbVDLSgMxFM34dnxVXboJFsFVmRHEggiiG5cVrC10SslkbttgJjMkd9Qy9Ff8DL/Are4Fd9Kt32BaK1rrgcDhnHu4NydMpTDoea/OzOzc/MLi0rK7srq2vlHY3Lo2SaY5VHkiE10PmQEpFFRRoIR6qoHFoYRaeHM+9Gu3oI1I1BX2UmjGrKNEW3CGVmoVysEweSci7FK/dCiUG4TQESqPhUKI+jlP0757T0+od+wGoKJvo1UoeiVvBDpN/DEpkjEqrcIgiBKexaCQS2ZMw/dSbOZMo+AS+m6QGUgZv2EdaFiqWAymmY9+2Kd7VoloO9H2KaQj9XciZ7ExvTi0kzHDrvnrDcX/vEaG7XIzFyrNEBT/WtTOJMWEDuuikdDAUfYsYVwLeyvlXaYZR1vqxJafXvy/LUyT64OSb/nlQfH0bNzQEtkhu2Sf+OSInJILUiFVwskDeSLP5MV5dN6cd2fwNTrjjDPbZALOxyeqZquH</latexit>
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if (x < 0) {
x = -x;

} else {
x = 0;

}
<latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit><latexit sha1_base64="5519ojR6ISyzOAgrGYCjpfSvO+I="></latexit>

SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

Fetch / decode

Executed both
branches

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

x
<latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit><latexit sha1_base64="FFl3MzP5oG6nFVMFuusLStCmLuY=">AAACL3icbVDLSgMxFM3UVx1fVZdugkVwVWYqosuiG5cVbCt0SslkbttgJjMkd9Qy9EP8DL/ArX6BuBE3LvwL01rxeSBwOOce7s0JUykMet6TU5iZnZtfKC66S8srq2ul9Y2mSTLNocETmejzkBmQQkEDBUo4TzWwOJTQCi+Ox37rErQRiTrDYQqdmPWV6AnO0Erd0l4wTl6JCAfUr+wL5QYh9IXKY6EQolHO03TkXrsBqOhT65bKXsWbgP4l/pSUyRT1buk1iBKexaCQS2ZM2/dS7ORMo+ASRm6QGUgZv2B9aFuqWAymk08+N6I7VoloL9H2KaQT9XsiZ7Exwzi0kzHDgfntjcX/vHaGvcNOLlSaISj+saiXSYoJHTdFI6GBoxxawrgW9lbKB0wzjrbPH1u+evF/t/CXNKsV3/LTarl2NG2oSLbINtklPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jBacaWaT/IDz9g4o+6pt</latexit>

Each do their 
own evaluation

Each have their 
own true/false

t
<latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit><latexit sha1_base64="5nRnslyjoumxV4l5aES/qO6bIpw=">AAACL3icbVDLSgMxFM34rOOr6tJNsAiuykxFdFl041LBaqFTSiZz24ZmMkNyRylDP8TP8Avc6heIG3Hjwr8wrRVt64HA4Zx7uDcnTKUw6Hmvztz8wuLScmHFXV1b39gsbm1fmyTTHGo8kYmuh8yAFApqKFBCPdXA4lDCTdg7G/o3t6CNSNQV9lNoxqyjRFtwhlZqFQ+DYfJORNilfvlIKDcIoSNUHguFEA1ynqYDF90AVPSjtYolr+yNQGeJPyYlMsZFq/gRRAnPYlDIJTOm4XspNnOmUXAJAzfIDKSM91gHGpYqFoNp5qPPDei+VSLaTrR9CulI/ZvIWWxMPw7tZMywa6a9ofif18iwfdLMhUozBMW/F7UzSTGhw6ZoJDRwlH1LGNfC3kp5l2nG0fY5seW3F3+6hVlyXSn7ll9WStXTcUMFskv2yAHxyTGpknNyQWqEk3vySJ7Is/PgvDhvzvv36JwzzuyQCTifXyJrqmk=</latexit> f<latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit><latexit sha1_base64="l02w3WCHh/OMJwYNij6Dz3+tdPo=">AAACL3icbVDLSsNAFJ34Nr6qLt0MFsFVSSqiS9GNSwXbCk0pk8lNO3QyCTM3Sgn9ED/DL3CrXyBuxI0L/8JprWitBwYO59zDvXPCTAqDnvfizMzOzS8sLi27K6tr6xulza26SXPNocZTmerrkBmQQkENBUq4zjSwJJTQCHtnQ79xA9qIVF1hP4NWwjpKxIIztFK7dBAMk7ciwi71K4dCuUEIHaGKRCiEaFDwLBu4sRuAir61dqnsVbwR6DTxx6RMxrhol96DKOV5Agq5ZMY0fS/DVsE0Ci5h4Aa5gYzxHutA01LFEjCtYvS5Ad2zSkTjVNunkI7U34mCJcb0k9BOJgy75q83FP/zmjnGx61CqCxHUPxrUZxLiikdNkUjoYGj7FvCuBb2Vsq7TDOOts+JLT+9+H9bmCb1asW3/LJaPjkdN7REdsgu2Sc+OSIn5JxckBrh5I48kEfy5Nw7z86r8/Y1OuOMM9tkAs7HJwtzqls=</latexit>
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Instructions 
go to all EUs

What if all 
values of x < 0?

Still execute 
both branches

“Divergence” Bad
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if (x < 0) {
x = -x;

} else {
x = 0;

}
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SIMD branches

Instruction
Storage

Instruction
Unit

EU

Operand
Storage

EU EU EU...

What if we must 
get x from 
memory?
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How did CPUs deal with latency?

Fetch
Decode

Read
Execute

Write

ALU

State 
(context)

L1 
(I)

L1 
(D)

L2 

Cache Coherence
Branch Prediction

Prefetch
Inst Ordering

Large cache
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Fragments vs Cores
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A real scene will have millions 
of fragments to process

Many more 
fragments than cores

How should we 
divide them up? 34



Scheduling
Batch 1

Batch 2

Batch 3

Ti
m

e

Run to completion

Run to completion

Run to completion
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Stalls
Batch 1

Batch 2

Batch 3

Ti
m

e

Run

Stall

RunWhat is total 
runtime?
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Batch 1 Batch 2 Batch 3

Ti
m

e

Another scheduling approach

Runnable

What is total runtime compared 
to batch scheduling?
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GPU
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Fermi
Streaming 

Multiprocessor 
(SM) (16)

32 cores per SM

Scheduler and 
Dispatch

Register file and 
L1 cache

Global scheduler

Core executes one 
instr/clock/thread
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Fermi Streaming 
Multiprocessor 
(SM) and Core

Special 
Function 

Unit
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Dual Warp Scheduler

One instruction 
from each warp

Up to 48* warps 
per SM

16⇥ 32⇥ 48 = 24576
<latexit sha1_base64="3YLOkjhNBOJIKqIJM2ra5gpAL6c=">AAACGnicbZDLSsNAFIZPvNdr1KUggyK4kqTWy0YounGpYKvQhjqZTHToZBJmToQSuvMlBJ/ArT6BO3HrxgfwPZxeBG8HBj7+cw7/mT/MpDDoee/OyOjY+MTkVGl6ZnZufsFdXKqbNNeM11gqU30RUsOlULyGAiW/yDSnSSj5edg+6vXPb7g2IlVn2Ml4kNArJWLBKFqp5a76u6SJIuGGbJe/qLJPDki5srO323LXvS2vX+Qv+ENYr5ayu0sAOGm5H80oZXnCFTJJjWn4XoZBQTUKJnl3upkbnlHWple8YVFR6xcU/X90yYZVIhKn2j6FpK9+3yhoYkwnCe1kQvHa/O71xP96jRzj/aAQKsuRKzYwinNJMCW9UEgkNGcoOxYo08LeStg11ZShje6HSyIU8qhrc/F/p/AX6uUt3/KpDegQBjUFK7AGm+DDHlThGE6gBgxu4QEe4cm5d56dF+d1MDriDHeW4Uc5b59jkqAe</latexit><latexit sha1_base64="aWczB9yBlbv9T+2vvTXWKbz8tCw=">AAACGnicbZDNSkJBFMfn9qn2ZbUMYkiCVnKvmboJpDYtDfKDVGTuOOrg3LmXmXMjEXe9RNATtGlRT9Au2rbpAXqOGj+C1A4M/Pifc/if+buB4Bps+9NaWFxaXlmNRGNr6xubW/HtnZL2Q0VZkfrCVxWXaCa4ZEXgIFglUIx4rmBlt3s+7JdvmNLcl1fQC1jdI23JW5wSMFIjvu9kcA24xzQ+Tv1SOodPcSp9ks004gk7aY8Kz4MzgUQ+GtxfP91+Fxrxr1rTp6HHJFBBtK46dgD1PlHAqWCDWC3ULCC0S9qsalAS41fvj/4xwIdGaeKWr8yTgEfq340+8bTuea6Z9Ah09GxvKP7Xq4bQytX7XAYhMEnHRq1QYPDxMBTc5IpRED0DhCpubsW0QxShYKKbcvG4BNYcmFyc2RTmoZRKOoYvTUBnaFwRtIcO0BFyUBbl0QUqoCKi6A49omf0Yj1Yr9ab9T4eXbAmO7toqqyPH2KDoj4=</latexit><latexit sha1_base64="aWczB9yBlbv9T+2vvTXWKbz8tCw=">AAACGnicbZDNSkJBFMfn9qn2ZbUMYkiCVnKvmboJpDYtDfKDVGTuOOrg3LmXmXMjEXe9RNATtGlRT9Au2rbpAXqOGj+C1A4M/Pifc/if+buB4Bps+9NaWFxaXlmNRGNr6xubW/HtnZL2Q0VZkfrCVxWXaCa4ZEXgIFglUIx4rmBlt3s+7JdvmNLcl1fQC1jdI23JW5wSMFIjvu9kcA24xzQ+Tv1SOodPcSp9ks004gk7aY8Kz4MzgUQ+GtxfP91+Fxrxr1rTp6HHJFBBtK46dgD1PlHAqWCDWC3ULCC0S9qsalAS41fvj/4xwIdGaeKWr8yTgEfq340+8bTuea6Z9Ah09GxvKP7Xq4bQytX7XAYhMEnHRq1QYPDxMBTc5IpRED0DhCpubsW0QxShYKKbcvG4BNYcmFyc2RTmoZRKOoYvTUBnaFwRtIcO0BFyUBbl0QUqoCKi6A49omf0Yj1Yr9ab9T4eXbAmO7toqqyPH2KDoj4=</latexit><latexit sha1_base64="GXUCZW6mYIPylOxGBc7ceEvDhrM=">AAACGnicbZDfSgJBFMZn7Z/Zv60ugxiSoCvZNVNvAqmbLg1SAxWZHUcdnJ1dZs4GsnjXY/QE3dYTdBfddtMD9B6NukFqBwZ+fOccvjOfFwquwXG+rNTK6tr6Rnozs7W9s7tn7x/UdRApymo0EIG694hmgktWAw6C3YeKEd8TrOENryf9xgNTmgfyDkYha/ukL3mPUwJG6tjHbhG3gPtM4/P8LxXK+BLnCxelYsfOOjlnWngZ3ASyKKlqx/5udQMa+UwCFUTrpuuE0I6JAk4FG2dakWYhoUPSZ02Dkhi/djz9xxifGqWLe4EyTwKeqn83YuJrPfI9M+kTGOjF3kT8r9eMoFdux1yGETBJZ0a9SGAI8CQU3OWKURAjA4Qqbm7FdEAUoWCim3PxuQTWHZtc3MUUlqGez7mGb51s5SpJKI2O0Ak6Qy4qoQq6QVVUQxQ9omf0gl6tJ+vNerc+ZqMpK9k5RHNlff4A+WuebA==</latexit>
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For what are GPUs optimized?
• GPUs are optimized for ____________________
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Graphics Pipelines
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Fragment shader
uniform sampler2D Radiance;

void main(){

vec2 x = gl_TexCoord[0].st * RadianceSize;

vec2 x0 = floor(x/MicroimageSize) * MicroimageSize;

vec2 xm = x0 + 0.5 * MicroimageSize;

vec2 y0 = xm + (xm - x)*b_a;

vec4 pixel = vec4(0.0, 0.0, 0.0, 1.0);

float total_weight = 0.0;

for (int i = -Aperture + Offset.x; i <= Aperture + Offset.x; ++i) {

for (int j = -Aperture + Offset.y; j <= Aperture + Offset.y; ++j) {

vec2 xmij = xm + vec2(float(i), float(j)) * MicroimageSize;

vec2 delta = (xmij - x)*b_a;

vec2 yij = xmij + delta;

if ( (abs(delta.x) < gamma*0.5*MicroimageSize.x)

&& (abs(delta.y) < gamma*0.5*MicroimageSize.y)) {

vec4 ray = texture2D(Radiance, yij / RadianceSize);

pixel += ray;

total_weight += 1.0;

}

}

}

gl_FragColor = pixel / total_weight;

}

<latexit sha1_base64="zh4UXctb5d9WbBhvJXeTgdpHAS8="></latexit><latexit sha1_base64="zh4UXctb5d9WbBhvJXeTgdpHAS8="></latexit><latexit sha1_base64="zh4UXctb5d9WbBhvJXeTgdpHAS8="></latexit><latexit sha1_base64="zh4UXctb5d9WbBhvJXeTgdpHAS8="></latexit>
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Compute = Drawing, Kernel = Shader
float saxpy (

float2 coords : TEXCOORD0,

uniform sampler2D textureY,

uniform sampler2D textureX,

uniform float alpha ) : COLOR

{

float result;

float yval=y_old[i]; float y = tex2D(textureY,coords);

float xval=x[i]; float x = tex2D(textureX,coords);

y_new[i]=yval+alpha*xval; result = y + alpha * x;

return result;

}

<latexit sha1_base64="+hRLmZhe80qVLBt5MnB15LmVFGY="></latexit><latexit sha1_base64="+hRLmZhe80qVLBt5MnB15LmVFGY="></latexit><latexit sha1_base64="+hRLmZhe80qVLBt5MnB15LmVFGY="></latexit><latexit sha1_base64="+hRLmZhe80qVLBt5MnB15LmVFGY="></latexit>

for (int i=0; i<N; i++)
dataY[i] = dataY[i] + alpha * dataX[i];

<latexit sha1_base64="VoUP4+hS+ASMnhX1xMZu0zchSJ4="></latexit><latexit sha1_base64="VoUP4+hS+ASMnhX1xMZu0zchSJ4="></latexit><latexit sha1_base64="VoUP4+hS+ASMnhX1xMZu0zchSJ4="></latexit><latexit sha1_base64="VoUP4+hS+ASMnhX1xMZu0zchSJ4="></latexit>
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Lots and lots of graphics code
include <stdio.h>
#include <stdlib.h>
#include <GL/glew.h>
#include <GL/glut.h>

int main(int argc, char **argv) {
// declare texture size, the actual data will be a vector
// of size texSize*texSize*4
int texSize = 2;
// create test data
float* data = (float*)malloc(4*texSize*texSize*sizeof(float));
float* result = (float*)malloc(4*texSize*texSize*sizeof(float));
for (int i=0; i<texSize*texSize*4; i++)

data[i] = i+1.0;
// set up glut to get valid GL context and
// get extension entry points
glutInit (&argc, argv);
glutCreateWindow("TEST1");
glewInit();

<latexit sha1_base64="C/2cH4/WDSmN+BhhHwtHbSJBZ/o="></latexit><latexit sha1_base64="C/2cH4/WDSmN+BhhHwtHbSJBZ/o="></latexit><latexit sha1_base64="C/2cH4/WDSmN+BhhHwtHbSJBZ/o="></latexit><latexit sha1_base64="C/2cH4/WDSmN+BhhHwtHbSJBZ/o="></latexit>
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Lots and lots
// viewport transform for 1:1 pixel=texel=data mapping

glMatrixMode(GL_PROJECTION);

glLoadIdentity();

gluOrtho2D(0.0,texSize,0.0,texSize);

glMatrixMode(GL_MODELVIEW);

glLoadIdentity();

glViewport(0,0,texSize,texSize);

// create FBO and bind it (that is, use offscreen render target)

GLuint fb;

glGenFramebuffersEXT(1,&fb);

glBindFramebufferEXT(GL_FRAMEBUFFER_EXT,fb);

// create texture

GLuint tex;

glGenTextures (1, &tex);

glBindTexture(GL_TEXTURE_RECTANGLE_ARB,tex);

<latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="12OcE8xe4HBvEefz4rIt+vKVD/8="></latexit><latexit sha1_base64="/piZzDcVU7heWKvy6rIN7U1nm3E="></latexit><latexit sha1_base64="/piZzDcVU7heWKvy6rIN7U1nm3E="></latexit><latexit sha1_base64="937jTJoR3xY0OEZfNIuro6zjL8g="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit><latexit sha1_base64="q44VoZGikcminfHEj8+4Bh653Sw="></latexit>
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Still more
// set texture parameters
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB,

GL_TEXTURE_MIN_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB,

GL_TEXTURE_MAG_FILTER, GL_NEAREST);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB,

GL_TEXTURE_WRAP_S, GL_CLAMP);
glTexParameteri(GL_TEXTURE_RECTANGLE_ARB,

GL_TEXTURE_WRAP_T, GL_CLAMP);
// define texture with floating point format
glTexImage2D(GL_TEXTURE_RECTANGLE_ARB,0,GL_RGBA32F_ARB,

texSize,texSize,0,GL_RGBA,GL_FLOAT,0);
// attach texture
glFramebufferTexture2DEXT(GL_FRAMEBUFFER_EXT,

GL_COLOR_ATTACHMENT0_EXT,
GL_TEXTURE_RECTANGLE_ARB,tex,0);

<latexit sha1_base64="j1ys996iZ1jmBVNfF6xI3bIocHo="></latexit><latexit sha1_base64="j1ys996iZ1jmBVNfF6xI3bIocHo="></latexit><latexit sha1_base64="j1ys996iZ1jmBVNfF6xI3bIocHo="></latexit><latexit sha1_base64="j1ys996iZ1jmBVNfF6xI3bIocHo="></latexit>
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And…. Done
// transfer data to texture
glTexSubImage2D(GL_TEXTURE_RECTANGLE_ARB,0,0,0,texSize,texSize,

GL_RGBA,GL_FLOAT,data);
// and read back
glReadBuffer(GL_COLOR_ATTACHMENT0_EXT);
glReadPixels(0, 0, texSize, texSize,GL_RGBA,GL_FLOAT,result);
// print out results
printf("Data before roundtrip:\n");
for (int i=0; i<texSize*texSize*4; i++)

printf("%f\n",data[i]);
printf("Data after roundtrip:\n");
for (int i=0; i<texSize*texSize*4; i++)

printf("%f\n",result[i]);
// clean up
free(data);
free(result);
glDeleteFramebuffersEXT (1,&fb);
glDeleteTextures (1,&tex);
return 0;

}
<latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="12OcE8xe4HBvEefz4rIt+vKVD/8="></latexit><latexit sha1_base64="ZlU2ucMqT/miTV7OhxJGGnYSiE0="></latexit><latexit sha1_base64="ZlU2ucMqT/miTV7OhxJGGnYSiE0="></latexit><latexit sha1_base64="v4gOmUSEw+WnRiDHUR85EkTVnyM="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit><latexit sha1_base64="pwxpuw2vh0qNpcYI7ly1gr4tzNY="></latexit>
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Pain vs Gain
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Grids and blocks
• Thread - Distributed by the CUDA 

runtime (threadIdx)
• Block - A user defined group of 1 to ~512 

threads (blockIdx) 
• Grid - A group of one or more blocks. A 

grid is created for each CUDA kernel 
function called

Logical
organization

51



Threads and blocks
512 or 1024 

threads/block max

Multiple of 
warp size

At least 64
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GPU programming
• Host: CPU and its memory
• Host memory

• Device: GPU and its memory
• Device memory

Heterogeneous Computing

Blocks

Threads

Indexing

Shared memory

__syncthreads()

Asynchronous operation

Handling errors

Managing devices

© NVIDIA Corporation 2011
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General-purpose computing on graphics 
processing units (GPGPU) using CUDA
• GPGPU handles applications traditionally handled by CPUs
• Uses one or multiple GPUs in one computer

Compute Unified Device Architecture (CUDA)
• Created by Nvidia in 2007
• A parallel computing platform and API
• Allows certain types of GPUs for GPGPU
• Supports C/C++/Fortran
• Nvcc compiler
• Documentation: https://docs.nvidia.com/cuda/

AMATH 483/583 Sp 22 U of Washington Xu Tony Liu 54
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Heterogeneous computing

© NVIDIA Corporation 2011
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Simple processing flow

© NVIDIA Corporation 2011
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Host code



Simple processing flow

© NVIDIA Corporation 2011
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Device code



Simple processing flow

© NVIDIA Corporation 2011
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Host code



CUDA programming methodology
• Hardware Abstraction
• Hierarchy of thread groups, hierarchy of shared memories, and barrier 

synchronization

• Two level parallelism
• Coarse-grained data parallelism and task parallelism (high level)
• Fine-grained data parallelism and thread parallelism (low level)

• Divide a program into coarse sub-problems solved independently
• Sub-problem solved in parallel by cooperating threads

AMATH 483/583 Sp 22 U of Washington Xu Tony Liu 59



Fetch Decode Read Execute Write

ALU ALU ALU ALU

ALU ALU ALU ALU

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

Shared state (context)

Fetch Decode Read Execute Write

ALU ALU ALU ALU

ALU ALU ALU ALU

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

State 
(context)

Shared state (context)

Mapping software to hardware
BlockBlockWarpWarp

• Run in parallel or serial
• Run on the same or 

different SM
• Run in order or out of order

• Do not assume anything 
about order of blocks
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CUDA C/C++ language extensions
• Function execution space specifier

• whether a function executes on the host or on the device and whether it is callable 
from the host or from the device

• __global__, __host__, __device__
• Memory space specifiers

• the memory location on the device of a variable
• __device__, __constant__, __shared__, managed__, __restrict__

• Built-in vector types
• extend the standard C data types of length up to 4
• int1, int2, int3, int4, uint2, short3, dim3, float4, etc.

• Built-in variables
• Built-in functions

AMATH 483/583 Sp 22 U of Washington Xu Tony Liu 61



CUDA void add(int n, float *x, float *y)
{

for (int i = 0; i < n; i++)
y[i] = x[i] + y[i];

}

int main(void)
{

int N = 1<<20; // 1M elements

float *x = new float[N]; float *y = new float[N];

for (int i = 0; i < N; i++)
y[i] = 2* x[i] = 1.0f;

add(N, x, y);

// ...

delete [] x; delete [] y;

return 0;
}

<latexit sha1_base64="RWfEjqboLayjeGuRotjjFyW/8Go="></latexit><latexit sha1_base64="RWfEjqboLayjeGuRotjjFyW/8Go="></latexit><latexit sha1_base64="RWfEjqboLayjeGuRotjjFyW/8Go="></latexit><latexit sha1_base64="RWfEjqboLayjeGuRotjjFyW/8Go="></latexit>

No RAII!  Bad!

Pointers!  Bad!
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CUDA __global__
void add(int n, float *x, float *y)
{

for (int i = 0; i < n; i++)
y[i] = x[i] + y[i];

}

int main(void)
{

int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

add<<<1, 1>>>(N, x, y);

cudaDeviceSynchronize();

cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit>

Pointers!  Bad!

Malloc!  Bad!

No RAII!  Bad!

Function execution space 
specifier

Execute on 
device

Execution 
configuration

Compile with nvcc

Will this 
work?
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Before __global__
void add(int n, float *x, float *y)
{

for (int i = 0; i < n; i++)
y[i] = x[i] + y[i];

}

int main(void)
{

int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

add<<<1, 1>>>(N, x, y);

cudaDeviceSynchronize();

cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit><latexit sha1_base64="cwSJSornZ9lHRRVcFqEp0mtI9jE="></latexit>
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__global__
void add(int n, float *x, float *y)
{

for (int i = 0; i < n; i++)
y[i] = x[i] + y[i];

}

int main(void)
{

int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

add<<<1, 256>>>(N, x, y);

cudaDeviceSynchronize();

cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="iFbxkZQjjLN+Bi/vXXtRPuXrrF4="></latexit><latexit sha1_base64="iFbxkZQjjLN+Bi/vXXtRPuXrrF4="></latexit><latexit sha1_base64="iFbxkZQjjLN+Bi/vXXtRPuXrrF4="></latexit><latexit sha1_base64="iFbxkZQjjLN+Bi/vXXtRPuXrrF4="></latexit>

After

# Blocks

# Threads

Do we want 256 
threads doing this?

Recall partitioned 
two norm

Need begin, end 
(and stride)

Every thread 
sees same 

instructions
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Partitioned
__global__
void add(int n, float *x, float *y)
{

int index = threadIdx.x;
int stride = blockDim.x;
for (int i = index; i < n; i += stride)

y[i] = x[i] + y[i];
}

int main(void)
{

int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

add<<<1, 256>>>(N, x, y);

cudaDeviceSynchronize();

cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="XFGwsL++qu73JsjhEH3DI3Qhv3I="></latexit><latexit sha1_base64="XFGwsL++qu73JsjhEH3DI3Qhv3I="></latexit><latexit sha1_base64="XFGwsL++qu73JsjhEH3DI3Qhv3I="></latexit><latexit sha1_base64="XFGwsL++qu73JsjhEH3DI3Qhv3I="></latexit>

Index of current 
thread in block

Size of block

Partitioned, 
strided, iteration

Threads are 
identical except 

for one thing

How many 
threads will 

execute kernel?

How many blocks 
will execute 

kernel?
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Blocks
__global__
void add(int n, float *x, float *y) {

int index = threadIdx.x, stride = blockDim.x;
for (int i = index; i < n; i += stride)

y[i] = x[i] + y[i];
}

int main() {
int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

int blockSize = 256;
int numBlocks = (N + blockSize - 1) / blockSize;
add<<<numBlocks, blockSize>>>(N, x, y);

cudaDeviceSynchronize();

cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="mKl8Vv3rjojybwFs3jQcq45zB6k="></latexit><latexit sha1_base64="mKl8Vv3rjojybwFs3jQcq45zB6k="></latexit><latexit sha1_base64="mKl8Vv3rjojybwFs3jQcq45zB6k="></latexit><latexit sha1_base64="mKl8Vv3rjojybwFs3jQcq45zB6k="></latexit>

Multiple blocks

Needs to be 
modified
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__global__
void add(int n, float *x, float *y){

int index = blockIdx.x * blockDim.x + threadIdx.x;
int stride = blockDim.x * gridDim.x;
for (int i = index; i < n; i += stride)
y[i] = x[i] + y[I];

}

int main() {
int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

int blockSize = 256;
int numBlocks = (N + blockSize - 1) / blockSize;
add<<<numBlocks, blockSize>>>(N, x, y);

cudaDeviceSynchronize();
cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit>

Blocks

Multiple blocks

Index considering 
blocks

Stride considering 
blocks

Partition based on 
thread id
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__global__
void add(int n, float *x, float *y){

int index = blockIdx.x * blockDim.x + threadIdx.x;
int stride = blockDim.x * gridDim.x;
for (int i = index; i < n; i += stride)
y[i] = x[i] + y[I];

}

int main() {
int N = 1 << 20;
float *x = nullptr, *y = nullptr;

cudaMallocManaged(&x, N*sizeof(float));
cudaMallocManaged(&y, N*sizeof(float));

for (int i = 0; i < N; i++)
y[i] = 2.0 * x[i] = 1.0f;

int blockSize = 256;
int numBlocks = (N + blockSize - 1) / blockSize;
add<<<numBlocks, blockSize>>>(N, x, y);

cudaDeviceSynchronize();
cudaFree(x); cudaFree(y);

return 0;
}

<latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit><latexit sha1_base64="E92VfQmc1BciuuW37OsQaejWdl4="></latexit>

Kernel Launch

Synchronous or 
asynchronous?

Synchronous or 
asynchronous?

Hidden memcpy
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Performance

V.1 V.2

V.3 !!5000X
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PRAM Sum
void pram_sum () {

global_read (A[i], a);
global_write(a, B[i]);
for (size_t h = 0; h < log2(N); ++h) {
if (id < (N / (2 << h))) {

global_read(B[2i ], x);
global_read(B[2i+1], y);
double z = x + y;
global_write(z, B[i]);

}
}

}
<latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit>
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PRAM Sum

void pram_sum () {
global_read (A[i], a);
global_write(a, B[i]);
for (size_t h = 0; h < log2(N); ++h) {
if (id < (N / (2 << h))) {

global_read(B[2i ], x);
global_read(B[2i+1], y);
double z = x + y;
global_write(z, B[i]);

}
}

}
<latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit><latexit sha1_base64="2oiQTXIwiTAgvq+lMd4o15UJhZE="></latexit>

S[2]
<latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit>

S[0]
<latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit>

S[1]
<latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit>

S[4]
<latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit>

S[5]
<latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit>

S[6]
<latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit>

S[7]
<latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit>

S[3]
<latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit>

Verbose!

Simplify 
read/write with 

assignment
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void pram_sum () {
parfor (0 <= id < N) {
B[id] = A[id];

}
for (size_t h = 0; h < log2(N); ++h) {
parfor (0 <= id < (2<<h)) {

B[i] = B[2i] + B[2*i+1];
}

}
}

<latexit sha1_base64="xSvv2MXPdKEJh3MstrymMvGcCOY="></latexit><latexit sha1_base64="xSvv2MXPdKEJh3MstrymMvGcCOY="></latexit><latexit sha1_base64="xSvv2MXPdKEJh3MstrymMvGcCOY="></latexit><latexit sha1_base64="xSvv2MXPdKEJh3MstrymMvGcCOY="></latexit>

PRAM Sum
S[2]

<latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit><latexit sha1_base64="pVTPkVpilwoHL13pQAxvSvrp2ik=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJCmKLotuXFa0ttCEMpnctoOTSZi5UUroj/gZfoFb/QJdiQs3foXTWvF5YOBwzj3cOyfKpDDoeU/O1PTM7Nx8acFdXFpeWS2vrV+YNNccGjyVqW5FzIAUChooUEIr08CSSEIzujwe+c0r0Eak6hwHGYQJ6ynRFZyhlTrlvWCUvBYx9um+UG4QQU+oIhEKIR4WPMuG7lm7GroBqPhT7pQr3q43Bv1L/AmpkAnqnfJrEKc8T0Ahl8yYtu9lGBZMo+AShm6QG8gYv2Q9aFuqWAImLMa/G9Jtq8S0m2r7FNKx+j1RsMSYQRLZyYRh3/z2RuJ/XjvH7mFYCJXlCIp/LOrmkmJKR1XRWGjgKAeWMK6FvZXyPtOMoy30x5avXvzfLfwlF9Vd3/LTaqV2NGmoRDbJFtkhPjkgNXJC6qRBOLkhd+SePDi3zqPz7Lx8jE45k8wG+QHn7R0OKKrd</latexit>

S[0]
<latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit><latexit sha1_base64="rQaIu68MbQ2p02rezQt8gedpKzY=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctL3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMK3qrb</latexit>

S[1]
<latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit><latexit sha1_base64="9VS2Z0xzf8RMTzr3NeF5M+oJ1ew=">AAACMHicbVDLSsNAFJ3Ud3xVXboZLIIrSYqiS9GNy4q2FppQJpPbdnAyCTM3Sgn9ET/DL3CrX6ArceHGr3BaK1r1wMDhnHu4d06USWHQ856d0tT0zOzc/IK7uLS8slpeW2+YNNcc6jyVqW5GzIAUCuooUEIz08CSSMJldHUy9C+vQRuRqgvsZxAmrKtER3CGVmqX94Jh8kbE2KP7QrlBBF2hikQohHhQ8CwbuOctP3QDUPGX3C5XvF1vBPqX+GNSIWPU2uW3IE55noBCLpkxLd/LMCyYRsElDNwgN5AxfsW60LJUsQRMWIx+N6DbVolpJ9X2KaQj9WeiYIkx/SSykwnDnvntDcX/vFaOncOwECrLERT/XNTJJcWUDquisdDAUfYtYVwLeyvlPaYZR1voxJbvXvzfLfwljequb/lZtXJ0PG5onmySLbJDfHJAjsgpqZE64eSW3JMH8ujcOU/Oi/P6OVpyxpkNMgHn/QMMg6rc</latexit>

S[4]
<latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit><latexit sha1_base64="9Prj2DRf8NbyFvwutIXnibiQFvk=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJKLoUnTjsqJthSaUyeS2HZxMwsyNUkJ/xM/wC9zqF+hKXLjxK5w+RG09MHA45x7unRNlUhj0vFdnanpmdm5+YdFdWl5ZXSutb9RMmmsOVZ7KVF9HzIAUCqooUMJ1poElkYR6dHPW9+u3oI1I1RV2MwgT1laiJThDKzVLB0E/eSdi7NBDodwggrZQRSIUQtwreJb13MvGQegGoOJvuVkqe3veAHSS+CNSJiNUmqWPIE55noBCLpkxDd/LMCyYRsEl9NwgN5AxfsPa0LBUsQRMWAx+16M7VolpK9X2KaQD9XeiYIkx3SSykwnDjhn3+uJ/XiPH1nFYCJXlCIoPF7VySTGl/apoLDRwlF1LGNfC3kp5h2nG0Rb6Z8tPL/54C5Oktr/nW36xXz45HTW0QLbINtklPjkiJ+ScVEiVcHJPHskTeXYenBfnzXkfjk45o8wm+QPn8wsRcqrf</latexit>

S[5]
<latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit><latexit sha1_base64="k6oIFC60J/BNVr70JHGvpg48Uvw=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+ZB6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxMXquA=</latexit>

S[6]
<latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit><latexit sha1_base64="nfs3giws7ya3IV9fMibbBLlamSc=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJBFfy6IblxWtCk0ok8ltOziZhJkbpYT+iJ/hF7jVL9CVuHDjVzitFbX1wMDhnHu4d06USWHQ816cicmp6ZnZ0pw7v7C4tFxeWb0waa451HkqU30VMQNSKKijQAlXmQaWRBIuo+vjvn95A9qIVJ1jN4MwYW0lWoIztFKzvBv0k7cixg7dE8oNImgLVSRCIcS9gmdZzz1r7IduACr+lpvlirftDUDHiT8kFTJErVl+D+KU5wko5JIZ0/C9DMOCaRRcQs8NcgMZ49esDQ1LFUvAhMXgdz26aZWYtlJtn0I6UH8nCpYY000iO5kw7JhRry/+5zVybB2GhVBZjqD416JWLimmtF8VjYUGjrJrCeNa2Fsp7zDNONpC/2z56cUfbWGcXOxs+5af7lSqR8OGSmSdbJAt4pMDUiUnpEbqhJM78kAeyZNz7zw7r87b1+iEM8yskT9wPj4BFLyq4Q==</latexit>

S[7]
<latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit><latexit sha1_base64="TyXzRliQVQhXPE+4+pvFnWqiiT8=">AAACMHicbVDLSsNAFJ34Nr6qLt0MFsGVJEXRpejGpaJ9QBPKZHLbDp1MwsyNUkJ/xM/wC9zqF+hKXLjxK5w+xOeBgcM593DvnCiTwqDnPTtT0zOzc/MLi+7S8srqWml9o2bSXHOo8lSmuhExA1IoqKJACY1MA0siCfWodzr069egjUjVFfYzCBPWUaItOEMrtUr7wTB5I2Ls0gOh3CCCjlBFIhRCPCh4lg3cy+Zh6Aag4k+5VSp7e94I9C/xJ6RMJjhvld6COOV5Agq5ZMY0fS/DsGAaBZcwcIPcQMZ4j3WgaaliCZiwGP1uQHesEtN2qu1TSEfq90TBEmP6SWQnE4Zd89sbiv95zRzbR2EhVJYjKD5e1M4lxZQOq6Kx0MBR9i1hXAt7K+VdphlHW+iPLV+9+L9b+EtqlT3f8otK+fhk0tAC2SLbZJf45JAckzNyTqqEk1tyTx7Io3PnPDkvzut4dMqZZDbJDzjvHxZhquI=</latexit>

S[3]
<latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit><latexit sha1_base64="pNHTDZyn3zf1WBYOn72/PnzoTzk=">AAACMHicbVDLSsNAFJ34rPFVdelmsAiuJPGBLotuXFa0KjShTCa37eBkEmZulBL6I36GX+BWv0BX4sKNX+G0VtTWAwOHc+7h3jlRJoVBz3txJianpmdmS3Pu/MLi0nJ5ZfXCpLnmUOepTPVVxAxIoaCOAiVcZRpYEkm4jK6P+/7lDWgjUnWO3QzChLWVaAnO0ErN8l7QT96KGDt0Xyg3iKAtVJEIhRD3Cp5lPfessRu6Aaj4W26WK962NwAdJ/6QVMgQtWb5PYhTniegkEtmTMP3MgwLplFwCT03yA1kjF+zNjQsVSwBExaD3/XoplVi2kq1fQrpQP2dKFhiTDeJ7GTCsGNGvb74n9fIsXUYFkJlOYLiX4tauaSY0n5VNBYaOMquJYxrYW+lvMM042gL/bPlpxd/tIVxcrGz7Vt+ulOpHg0bKpF1skG2iE8OSJWckBqpE07uyAN5JE/OvfPsvDpvX6MTzjCzRv7A+fgED82q3g==</latexit>

parfor (pardo), 
processor between 

bounds execute 
body 

Each statement 
in parfor is one 

parallel step
log(n) steps!
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void pram_sum () {
parfor (0 <= id < N) {
B[id] = A[id];

}
for (size_t h = 0; h < log2(N); ++h) {
parfor (0 <= id < (2<<h)) {

B[id] = B[2*id] + B[2*id+1];
}

}
}

<latexit sha1_base64="/tsFcwl3OocNL1AOXFjoNf6hhe8="></latexit><latexit sha1_base64="/tsFcwl3OocNL1AOXFjoNf6hhe8="></latexit><latexit sha1_base64="/tsFcwl3OocNL1AOXFjoNf6hhe8="></latexit><latexit sha1_base64="/tsFcwl3OocNL1AOXFjoNf6hhe8="></latexit>

PRAM -> CUDA
Don’t need 

parfor (why?)

Don’t need 
parfor (why?)

void pram_sum () {
size_t tid = threadIdx.x;
size_t id = blockIdx.x*blockDim.x + threadIdx.x;
B[id] = A[id];

for (size_t h = 0; h < log2(N); ++h) {
B[id] = B[2*id] + B[2*id+1];

}
}

<latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit>
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PRAM -> CUDA
void pram_sum () {

size_t tid = threadIdx.x;
size_t id = blockIdx.x*blockDim.x + threadIdx.x;
B[id] = A[id];

for (size_t h = 0; h < log2(N); ++h) {
B[id] = B[2*id] + B[2*id+1];

}
}

<latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit><latexit sha1_base64="YYruqVirzyil9wf/ZWZRxVs5Rl4="></latexit>

__global__ void reduce0(int *g_idata, int *g_odata) {

unsigned int tid = threadIdx.x;
unsigned int id = blockIdx.x*blockDim.x + threadIdx.x;

B[id] = A[id];

for (size_t h = 0; h < log2(N); ++h) {
B[id] = B[2*id] + B[2*id+1];

}
}

<latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit>

Real interface
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PRAM -> CUDA
__global__ void reduce0(int *g_idata, int *g_odata) {

unsigned int tid = threadIdx.x;
unsigned int id = blockIdx.x*blockDim.x + threadIdx.x;

B[id] = A[id];

for (size_t h = 0; h < log2(N); ++h) {
B[id] = B[2*id] + B[2*id+1];

}
}

<latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit><latexit sha1_base64="0EaSGQYPJYfud2GZboGySNiEmVQ="></latexit>

__global__ void reduce0(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

unsigned int tid = threadIdx.x;
unsigned int id = blockIdx.x*blockDim.x + threadIdx.x;

sdata[tid] = g_idata[id];

for (size_t h = 0; h < log2(blockDim.x); ++h) {
sdata[tid] = sdata[2*tid] + sdata[2*tid+1];

}
}

<latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit>

Use shared 
memory rather 

than global

Danger!
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__global__ void reduce0(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

unsigned int tid = threadIdx.x;
unsigned int id = blockIdx.x*blockDim.x + threadIdx.x;

sdata[tid] = g_idata[id];

for (size_t h = 0; h < log2(blockDim.x); ++h) {
sdata[tid] = sdata[2*tid] + sdata[2*tid+1];

}
}

<latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit><latexit sha1_base64="rh7yAsj8+V2rFf23E7Y8dUj9Wgw="></latexit>

__global__ void reduce0(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

unsigned int tid = threadIdx.x;
unsigned int id = blockIdx.x*blockDim.x + threadIdx.x;
sdata[tid] = g_idata[id];
__syncthreads();

for (size_t h = 0; h < log2(blockDim.x); ++h) {
sdata[tid] = sdata[2*tid] + sdata[2*tid+1];

}
if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="hR0jV3d4ZqfcYpfotAyT20NuyDs="></latexit><latexit sha1_base64="hR0jV3d4ZqfcYpfotAyT20NuyDs="></latexit><latexit sha1_base64="hR0jV3d4ZqfcYpfotAyT20NuyDs="></latexit><latexit sha1_base64="hR0jV3d4ZqfcYpfotAyT20NuyDs="></latexit>

PRAM -> CUDA

Copy answer 
back out

I thought 
threads were 
synchronized?

Danger!
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__global__ void reduce0(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

unsigned int tid = threadIdx.x;
unsigned int i = blockIdx.x*blockDim.x + threadIdx.x;
sdata[tid] = g_idata[i];
__syncthreads();

for (size_t s=1; s < blockDim.x; s *= 2) {
if (tid % (2*s) == 0) {

sdata[tid] += sdata[tid + s];
}
__syncthreads();

}

if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit>

Reduction #1

https://developer.download.nvidia.com/assets/cuda/files/reduction.pdf

Each thread loads one 
element from global 

to shared mem

Reduction is done in 
shared memory

A different 
reduction tree

sync

sync
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__global__ void reduce0(int *g_idata, int *g_odata) {
extern __shared__ int sdata[];

unsigned int tid = threadIdx.x;
unsigned int i = blockIdx.x*blockDim.x + threadIdx.x;
sdata[tid] = g_idata[i];
__syncthreads();

for (size_t s=1; s < blockDim.x; s *= 2) {
if (tid % (2*s) == 0) {

sdata[tid] += sdata[tid + s];
}
__syncthreads();

}

if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit><latexit sha1_base64="WlfE+RB7JQcIMaJN5+/dfWo/b/8="></latexit>

Reduction #1

https://developer.download.nvidia.com/assets/cuda/files/reduction.pdf

Several things 
“wrong”

Divergence, 
operator %

Memory bank 
conflicts
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Reduction
__global__ void reduce0(int *g_idata, int *g_odata) {

extern __shared__ int sdata[];

size_t tid = threadIdx.x;
size_t i = blockIdx.x*blockDim.x + threadIdx.x;
sdata[tid] = g_idata[i];
__syncthreads();

for (size_t s=1; s < blockDim.x; s *= 2) {
size_t index = 2 * s * tid;
if (index < blockDim.x) {

sdata[index] += sdata[index + s];
}
__syncthreads();

}

if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="4IDI1jLuwZTa8h803D4fXm1mSWw="></latexit><latexit sha1_base64="4IDI1jLuwZTa8h803D4fXm1mSWw="></latexit><latexit sha1_base64="4IDI1jLuwZTa8h803D4fXm1mSWw="></latexit><latexit sha1_base64="4IDI1jLuwZTa8h803D4fXm1mSWw="></latexit>

Non-divergent

Strided index

Causes 
memory bank 

conflicts80



Reduction
__global__ void reduce0(int *g_idata, int *g_odata) {

extern __shared__ int sdata[];

size_t tid = threadIdx.x;
size_t i = blockIdx.x*blockDim.x + threadIdx.x;
sdata[tid] = g_idata[i];
__syncthreads();

for (size_t s=blockDim.x/2; s>0; s>>=1) {
if (tid < s) {

sdata[tid] += sdata[tid + s];
}
__syncthreads();

}

if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="wuKZRNMTTc9WXe9IywWR6xbZN6E="></latexit><latexit sha1_base64="wuKZRNMTTc9WXe9IywWR6xbZN6E="></latexit><latexit sha1_base64="wuKZRNMTTc9WXe9IywWR6xbZN6E="></latexit><latexit sha1_base64="wuKZRNMTTc9WXe9IywWR6xbZN6E="></latexit>

Iterate 
decreasing

tid based 
indexing 

(contiguous)

Idle threads
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Final Reduction
__global__ void reduce0(int *g_idata, int *g_odata) {

extern __shared__ int sdata[];

size_t tid = threadIdx.x;
size_t i = blockIdx.x*(blockDim.x*2) + threadIdx.x;
sdata[tid] = g_idata[i] + g_idata[i+blockDim.x];
__syncthreads();

for (size_t s=blockDim.x/2; s>0; s>>=1) {
if (tid < s) {

sdata[tid] += sdata[tid + s];
}
__syncthreads();

}

if (tid == 0)
g_odata[blockIdx.x] = sdata[0];

}
<latexit sha1_base64="V81c6CP6zteJgP3mRZKDwxvkJwY="></latexit><latexit sha1_base64="V81c6CP6zteJgP3mRZKDwxvkJwY="></latexit><latexit sha1_base64="V81c6CP6zteJgP3mRZKDwxvkJwY="></latexit><latexit sha1_base64="V81c6CP6zteJgP3mRZKDwxvkJwY="></latexit>

Do first iteration 
on load
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Results
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Thrust Library in CUDA
• Thrust is a C++ template library for CUDA based on STL
• Vector containers
• Generic (can store any data type)
• Can be resized dynamically
• thrust::host_vector<T>: store in host memory
• thrust::device_vector<T>: store in GPU device memory

• Algorithms
• thrust::fill, thrust::copy, thrust::transform, thrust::replace, thrust::sort, etc.

• Iterators
• Github repository: https://thrust.github.io/
• Thrust API doc: https://docs.nvidia.com/cuda/thrust/index.html
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Vectors
#include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>
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Vectors #include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>

Headers
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Vectors #include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>

Vector on 
host
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Vectors #include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>

Declare 
host_vector H with 

4 elements

Initialize 
elements

Print 
contents of H
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Vectors #include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>
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Resize host_vector
H to 2 elements



Vectors

#include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>

Copy host_vector H 
to device_vector D

Elements of D 
can be modified

Print 
contents of D

RAII
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Vectors

#include <thrust/device_vector.h>
#include <thrust/host_vector.h>

#include <iostream>

int main(void) {

thrust::host_vector<int> H(4);

H[0] = 14; H[1] = 20; H[2] = 38; H[3] = 46;

std::cout << "H has size " << H.size() << std::endl;

for (size_t i = 0; i < H.size(); i++)

std::cout << "H[" << i << "] = " << H[i] << std::endl;

H.resize(2);

std::cout << "H now has size " << H.size() << std::endl;

thrust::device_vector<int> D = H;

D[0] = 99; D[1] = 88;

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit><latexit sha1_base64="Ey252aV3CPc/rHtdvzmv0QKO5Dc="></latexit>

Copy host_vector H 
to device_vector D

Not non-trivial

What’s the 
cost?
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Vectors #include <thrust/host_vector.h>
#include <thrust/device_vector.h>
#include <thrust/fill.h>
#include <thrust/sequence.h>

int main() {

thrust::device_vector<int> D(10, 1);

thrust::fill(D.begin(), D.begin() + 7, 9);

thrust::host_vector<int> H(D.begin(), D.begin() + 5);

thrust::sequence(H.begin(), H.end());

thrust::copy(H.begin(), H.end(), D.begin());

for (size_t i = 0; i < D.size(); i++)

std::cout << "D[" << i << "] = " << D[i] << std::endl;

return 0;

}

<latexit sha1_base64="ILkaZrK1O5zSBF6OmiXfMk2125c="></latexit><latexit sha1_base64="ILkaZrK1O5zSBF6OmiXfMk2125c="></latexit><latexit sha1_base64="ILkaZrK1O5zSBF6OmiXfMk2125c="></latexit><latexit sha1_base64="ILkaZrK1O5zSBF6OmiXfMk2125c="></latexit>

Create vector 
on device

Initialize all 
elements to 10

Set first seven 
elements to 9

Initialize H with first 
5 elements of D

Copy of all H back 
to beginning of D

Iterator 
(device)

Iterator 
(host)

Genericity!
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STL compatibility #include <thrust/device_vector.h>
#include <thrust/copy.h>
#include <list>
#include <vector>

int main(void)
{

std::list<int> stl_list;

stl_list.push_back(10);
stl_list.push_back(20);
stl_list.push_back(30);
stl_list.push_back(40);

thrust::device_vector<int> D(stl_list.begin(), stl_list.end());

std::vector<int> stl_vector(D.size());
thrust::copy(D.begin(), D.end(), stl_vector.begin());

return 0;
}

<latexit sha1_base64="2BS1ksGlEZ4dzFH/YmsaBrx8DeQ="></latexit><latexit sha1_base64="2BS1ksGlEZ4dzFH/YmsaBrx8DeQ="></latexit><latexit sha1_base64="2BS1ksGlEZ4dzFH/YmsaBrx8DeQ="></latexit><latexit sha1_base64="2BS1ksGlEZ4dzFH/YmsaBrx8DeQ="></latexit>

Genericity!

Genericity!
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Transformations
#include <thrust/device_vector.h>
#include <thrust/transform.h>
#include <thrust/sequence.h>
#include <thrust/copy.h>
#include <thrust/fill.h>
#include <thrust/replace.h>
#include <thrust/functional.h>

int main(void)
{
thrust::device_vector<int> X(10);
thrust::device_vector<int> Y(10);
thrust::device_vector<int> Z(10);

thrust::sequence(X.begin(), X.end());

thrust::transform(X.begin(), X.end(), Y.begin(), thrust::negate<int>());

thrust::fill(Z.begin(), Z.end(), 2);

thrust::transform(X.begin(), X.end(), Z.begin(), Y.begin(), thrust::modulus<int>());

thrust::replace(Y.begin(), Y.end(), 1, 10);

thrust::copy(Y.begin(), Y.end(), std::ostream_iterator<int>(std::cout, "\n"));

return 0;
}

<latexit sha1_base64="66ukDi5KBLn19Ijrbx7wqT73foo="></latexit><latexit sha1_base64="66ukDi5KBLn19Ijrbx7wqT73foo="></latexit><latexit sha1_base64="66ukDi5KBLn19Ijrbx7wqT73foo="></latexit><latexit sha1_base64="66ukDi5KBLn19Ijrbx7wqT73foo="></latexit>
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Transformations
int main(void)
{
thrust::device_vector<int> X(10);
thrust::device_vector<int> Y(10);
thrust::device_vector<int> Z(10);

thrust::sequence(X.begin(), X.end());

thrust::transform(X.begin(), X.end(), Y.begin(), thrust::negate<int>());

thrust::fill(Z.begin(), Z.end(), 2);

thrust::transform(X.begin(), X.end(), Z.begin(), Y.begin(), thrust::modulus<int>());

thrust::replace(Y.begin(), Y.end(), 1, 10);

thrust::copy(Y.begin(), Y.end(), std::ostream_iterator<int>(std::cout, "\n"));

return 0;
}

<latexit sha1_base64="SW9gOaVjt/V1pgA2PQVHa9rBufo="></latexit><latexit sha1_base64="SW9gOaVjt/V1pgA2PQVHa9rBufo="></latexit><latexit sha1_base64="SW9gOaVjt/V1pgA2PQVHa9rBufo="></latexit><latexit sha1_base64="SW9gOaVjt/V1pgA2PQVHa9rBufo="></latexit>
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saxpy
struct saxpy_functor : public thrust::binary_function<float, float, float> {

saxpy_functor(float _a) : a(_a) {}

__host__ __device__ float operator()(const float& x, const float& y) const { return a * x + y; }

const float a;
};

void saxpy_fast(float A, thrust::device_vector<float>& X, thrust::device_vector<float>& Y) {
thrust::transform(X.begin(), X.end(), Y.begin(), Y.begin(), saxpy_functor(A));

}

void saxpy_slow(float A, thrust::device_vector<float>& X, thrust::device_vector<float>& Y) {
thrust::device_vector<float> temp(X.size());
thrust::fill(temp.begin(), temp.end(), A);
thrust::transform(X.begin(), X.end(), temp.begin(), temp.begin(), thrust::multiplies<float>());
thrust::transform(temp.begin(), temp.end(), Y.begin(), Y.begin(), thrust::plus<float>());

<latexit sha1_base64="W3RCqSpEERhoqqx3CP26GrA6Sq8="> DahonXbO77cAw2RP+XIesYWU4EC/OJqmnzOSaaWbrcuuuCocbjVaz0XqzsbqzW7R1yXpoPbIcq2U9s3as19a+dWCRytfKj8rPyq/qh+qn6ufqlzF0caHweWCVVvXbb1s0Avo=</latexit><latexit sha1_base64="W3RCqSpEERhoqqx3CP26GrA6Sq8="> DahonXbO77cAw2RP+XIesYWU4EC/OJqmnzOSaaWbrcuuuCocbjVaz0XqzsbqzW7R1yXpoPbIcq2U9s3as19a+dWCRytfKj8rPyq/qh+qn6ufqlzF0caHweWCVVvXbb1s0Avo=</latexit><latexit sha1_base64="W3RCqSpEERhoqqx3CP26GrA6Sq8="> DahonXbO77cAw2RP+XIesYWU4EC/OJqmnzOSaaWbrcuuuCocbjVaz0XqzsbqzW7R1yXpoPbIcq2U9s3as19a+dWCRytfKj8rPyq/qh+qn6ufqlzF0caHweWCVVvXbb1s0Avo=</latexit><latexit sha1_base64="W3RCqSpEERhoqqx3CP26GrA6Sq8="> DahonXbO77cAw2RP+XIesYWU4EC/OJqmnzOSaaWbrcuuuCocbjVaz0XqzsbqzW7R1yXpoPbIcq2U9s3as19a+dWCRytfKj8rPyq/qh+qn6ufqlzF0caHweWCVVvXbb1s0Avo=</latexit>

Temp <- A Temp <- A*X Temp <- A*X + Y
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Norm
template <typename T>
struct square
{
__host__ __device__
T operator()(const T& x) const { return x * x; }

};

int main(void)
{
float x[4] = {1.0, 2.0, 3.0, 4.0};

thrust::device_vector<float> d_x(x, x + 4);

square<float> unary_op;
thrust::plus<float> binary_op;
float init = 0;

float norm = std::sqrt( thrust::transform_reduce(d_x.begin(),
d_x.end(), unary_op, init, binary_op) );,!

std::cout << norm << std::endl;

return 0;
}

<latexit sha1_base64="cWNSiFV9wX4UwzqJmFVW3PIxGSU="></latexit><latexit sha1_base64="cWNSiFV9wX4UwzqJmFVW3PIxGSU="></latexit><latexit sha1_base64="cWNSiFV9wX4UwzqJmFVW3PIxGSU="></latexit><latexit sha1_base64="cWNSiFV9wX4UwzqJmFVW3PIxGSU="></latexit>

operator()

unary op

binary op
norm!
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Fancy iterators
#include <thrust/iterator/transform_iterator.h>

thrust::device_vector<int> vec(3);
vec[0] = 10; vec[1] = 20; vec[2] = 30;

// create iterator (type omitted)
...
first = thrust::make_transform_iterator(vec.begin(), negate<int>());
...
last = thrust::make_transform_iterator(vec.end(), negate<int>());

first[0] // returns -10
first[1] // returns -20
first[2] // returns -30

thrust::reduce(first, last);

<latexit sha1_base64="HJUxytFU6SC8BAsuYXKAlow5vfk="></latexit><latexit sha1_base64="HJUxytFU6SC8BAsuYXKAlow5vfk="></latexit><latexit sha1_base64="HJUxytFU6SC8BAsuYXKAlow5vfk="></latexit><latexit sha1_base64="HJUxytFU6SC8BAsuYXKAlow5vfk="></latexit>

transform_iterator

constant_iterator

counting_iterator

zip_iterator 98



Execution policies
• Thrust allows GPU, CPU, OpenMP execution policies
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Performance
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Other GPU programming systems
• OpenACC
• OpenCL
• SyCL
• CuSP
• CuBLAS
• Halide
• Etc.
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Thank you!
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Except where otherwise noted, this work is licensed under 

https://creativecommons.org/licenses/by-nc-sa/4.0/

Cuda and Thrust programming examples © Nvidia
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