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Motivation

Currently there are two opportunities of parallelizing programs
multi-cores

• distribute the work on few
strong multi-purpose
processors (CPUs)

• regular supercomputers,
clusters

• OpenMP, MPI

many-cores
• distribute the work on a lot

of single purpose
processors

• Intel MIC, BlueGene, GPUs

Alexander Pöppl | CUDA Introduction | HPC - Algorithms and Applications | October 24th 2016 3



CPU

• general purpose

• large amount of transistors for
non-computational tasks

• allows out of order execution

• pipelining

• optimized for sequential tasks

GPU

• many processors dedicated to
computations

• less support for branching

• well aligned data streamed
through processor – data
parallelism
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GPU Computing – Timeline

• 80s/90s: fixed-function graphics pipelines
• 2000: programmable real-time graphics, vertex/pixel shaders
• 2003: ”GPGPU”, parallel programmable hardware exploited for

general purposes
• 2007: GPU Computing, many-core architecture, CUDA and

OpenCL programming models
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Different Programming Models for GPU

CUDA

• GPU - only
• standard formed by vendor

(nVidia)
• adopts new architectures

fast

OpenCL

• standard formed by
consortium (Khronos
Group)

• platform independent (also
for ATI and CPU’s)

• slower development

We will use CUDA

• interface is easier to learn
• paradigms of GPU programming better understandable
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GPU Architectures
NVIDIA Fermi

8 

 

Third Generation Streaming 

Multiprocessor  

The third generation SM introduces several 

architectural innovations that make it not only the 

most powerful SM yet built, but also the most 

programmable and efficient. 

512 High Performance CUDA cores 

Each SM features 32 CUDA 

processors—a fourfold 

increase over prior SM 

designs.  Each CUDA 

processor has a fully 

pipelined integer arithmetic 

logic unit (ALU) and floating 

point unit (FPU). Prior GPUs used IEEE 754-1985 

floating point arithmetic.  The Fermi architecture 

implements the new IEEE 754-2008 floating-point 

standard, providing the fused multiply-add (FMA) 

instruction for both single and double precision 

arithmetic.  FMA improves over a multiply-add 

(MAD) instruction by doing the multiplication and 

addition with a single final rounding step, with no 

loss of precision in the addition.  FMA is more 

accurate than performing the operations 

separately. GT200 implemented double precision FMA. 

In GT200, the integer ALU was limited to 24-bit precision for multiply operations; as a result, 

multi-instruction emulation sequences were required for integer arithmetic.  In Fermi, the newly 

designed integer ALU supports full 32-bit precision for all instructions, consistent with standard 

programming language requirements.  The integer ALU is also optimized to efficiently support 

64-bit and extended precision operations. Various instructions are supported, including 

Boolean, shift, move, compare, convert, bit-field extract, bit-reverse insert, and population 

count. 

16 Load/Store Units  

Each SM has 16 load/store units, allowing source and destination addresses to be calculated 

for sixteen threads per clock. Supporting units load and store the data at each address to 

cache or DRAM.  
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Memory Subsystem Innovations 

NVIDIA Parallel DataCacheTM with Configurable L1 and Unified L2 Cache 

Working with hundreds of GPU computing 

applications from various industries, we learned 

that while Shared memory benefits many 

problems, it is not appropriate for all problems.  

Some algorithms map naturally to Shared 

memory, others require a cache, while others 

require a combination of both. The optimal 

memory hierarchy should offer the benefits of 

both Shared memory and cache, and allow the 

programmer a choice over its partitioning. The 

Fermi memory hierarchy adapts to both types of 

program behavior. 

Adding a true cache hierarchy for load / store 

operations presented significant 

challenges.  Traditional GPU architectures 

support a read-only ‘‘load’’ path for texture 

operations and a write-only ‘‘export’’ path for 

pixel data output.  However, this approach is 

poorly suited to executing general purpose C or 

C++ thread programs that expect reads and 

writes to be ordered.  As one example: spilling a 

register operand to memory and then reading it 

back creates a read after write hazard; if the 

read and write paths are separate, it may be necessary to explicitly flush the entire write / 

‘‘export’’ path before it is safe to issue the read, and any caches on the read path would not be 

coherent with respect to the write data. 

The Fermi architecture addresses this challenge by implementing a single unified memory 

request path for loads and stores, with an L1 cache per SM multiprocessor and unified L2 

cache that services all operations (load, store and texture).  The per-SM L1 cache is 

configurable to support both shared memory and caching of local and global memory 

operations. The 64 KB memory can be configured as either 48 KB of Shared memory with 16 

KB of L1 cache, or 16 KB of Shared memory with 48 KB of L1 cache.   When configured with 

48 KB of shared memory, programs that make extensive use of shared memory (such as 

electrodynamic simulations) can perform up to three times faster. For programs whose memory 

accesses are not known beforehand, the 48 KB L1 cache configuration offers greatly improved 

performance over direct access to DRAM.  

(source: NVIDIA – Fermi Whitepaper)
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GPU Architectures
NVIDIA Fermi Microarchitecture
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Hardware Execution 

CUDA’s hierarchy of threads maps to a hierarchy of processors on the GPU; a GPU executes 

one or more kernel grids; a streaming multiprocessor (SM) executes one or more thread blocks; 

and CUDA cores and other execution units in the SM execute threads. The SM executes 

threads in groups of 32 threads called a warp. While programmers can generally ignore warp 

execution for functional correctness and think of programming one thread, they can greatly 

improve performance by having threads in a warp execute the same code path and access 

memory in nearby addresses.    

 

An Overview of An Overview of An Overview of An Overview of the Fermi Architecturethe Fermi Architecturethe Fermi Architecturethe Fermi Architecture    

The first Fermi based GPU, implemented with 3.0 billion transistors, features up to 512 CUDA 

cores. A CUDA core executes a floating point or integer instruction per clock for a thread. The 

512 CUDA cores are organized in 16 SMs of 32 cores each. The GPU has six 64-bit memory 

partitions, for a 384-bit memory interface, supporting up to a total of 6 GB of GDDR5 DRAM 

memory. A host interface connects the GPU to the CPU via PCI-Express. The GigaThread 

global scheduler distributes thread blocks to SM thread schedulers. 

 

Fermi’s 16 SM are positioned around a common L2 cache. Each SM is a vertical 

rectangular strip that contain an orange portion (scheduler and dispatch), a green portion 
(execution units), and light blue portions (register file and L1 cache). 

(source: NVIDIA – Fermi Whitepaper)
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GPU Architectures
NVIDIA Kepler/Pascal Streaming Multiprocessors

(source: NVIDIA – Kepler/Pascal Whitepapers)
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GPU Architectures
NVIDIA Kepler Microarchitecture

(source: NVIDIA – Kepler Whitepaper)
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GPU Architectures
NVIDIA Pascal Microarchitecture

(source: NVIDIA – Pascal Whitepaper)
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