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What is CUDA?

● Compute Unified Device 

Architecture.

● NVIDIA's parallel computing 

platform and programming model.

● Allows using a GPU for general-

purpose computing (GPGPU).

● Provides C/C++ language 

extensions to write scalable parallel 

programs.
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CPU vs. GPU: A Tale of Two Processors

Host (CPU) - The "CEO"

● Fewer, more powerful cores.

● Optimized for sequential task latency.

● Manages the system, runs the OS, and 

orchestrates tasks.

Device (GPU) - The "Workforce"

● Thousands of smaller, efficient cores.

● Optimized for parallel task throughput.

● Executes highly parallel "kernels" at the 

direction of the Host.
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How to run GPU kernel function on Host



PRESENTATION TITLE

The Parallel Hierarchy

Thread

The smallest unit of 

execution. Executes 

one instance of the 

kernel. Identified by 

threadIdx.

Block

A group of threads. 

Threads in a block can 

cooperate (share memory, 

synchronize). Identified by 

blockIdx.

Grid

A group of blocks. 

Represents the full kernel 

launch. Identified by 

gridDim.
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Visualizing the GPU Computing Hierarchy

The kernel launch parameters <<  >>  define the 

execution geometry.

● gridSize: Number of blocks in the grid.

● blockSize: Number of threads in each block.

Total Threads = gridSize * blockSize

This structure maps threads to data, allowing for 

massive parallelism.
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Identifying the Thread (Thread Indexing)

How does each thread know what data to process? We must calculate a 

unique global index.

● threadIdx.x: Thread's ID within its block.

● blockIdx.x: Block's ID within the grid.

● blockDim.x: Number of threads in one block.
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Host vs. Device Memory

Host (CPU) Memory

● System RAM.

● Managed by malloc(), new.

● Accessible by the CPU.

● (Host Pointers: int *h_data)

Device (GPU) Memory

● GPU's onboard VRAM (High-Bandwidth).

● Managed by cudaMalloc().

● Accessible by the GPU.

● (Device Pointers: int *d_data)
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Host vs. Device Memory



Program with Unified Memory



Program with Unified Virtual Address
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Verification is Critical!!!

● How do we know the GPU result is correct?

● Never trust, always verify.

 1. Run the computation on the CPU (the "gold standard" sequential version).

 2. Run the computation on the GPU.

 3. Copy the GPU result back to the host.

 4. Compare the two result arrays element-by-element.

● Allow for small floating-point error (epsilon) due to different operation ordering.



Questions?


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Program with Unified Memory
	Slide 12: Program with Unified Virtual Address
	Slide 13
	Slide 14

