
9.1 Introduction
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9.2 GPU system architectures
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9.3 Programming GPUs
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void reflection(

   float2                texCoord        : TEXCOORD0,

   float3                reflection_dir   : TEXCOORD1,

   out float4            color           : COLOR,

   uniform float         shiny,

   uniform sampler2D     surfaceMap,

   uniform samplerCUBE   envMap)

{

// Fetch the surface color from a texture

   float4 surfaceColor = tex2D(surfaceMap, texCoord);

// Fetch reflected color by sampling a cube map

   float4 reflectedColor = texCUBE(environmentMap, refection_dir);
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// Output is weighted average of the two colors

   color = lerp(surfaceColor, reflectedColor, shiny);

}
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threadIdx

0 1 2 ... blockDim-1

blockIdx

.x

.y .z

SAXPY
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__global__

kernel<<<dimGrid, dimBlock>>>(... parameter list ...);

dimGrid dimBlock dim3

__syncthreads()
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__shared__ __device__

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/9/print

22 of 88 5/16/2025, 11:57 PM



cudaMalloc() cudaFree()
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cudaMemcpy()

kernelF

kernelG

kernelG kernelF
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▪ 

▪ 

▪ 

▪ 

▪ 

9.4 Multithreaded multiprocessor architecture
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__shared__
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opcode.type d, a, b, c;

d a b c .type

@p @!p p
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branch call return exit bar.sync

@p bra target p

!p setp

tex

▪ 

▪ 

▪ 

ld.global st.global ld.shared st.shared

ld.local st.local

bar.sync

atom.op.u32 add min max and or xor
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exchange cas

syncthreads()

bar.sync

bar.sync

add.f32 mul.f32 mad.f32

min.f32 max.f32 setp.f32

add  mul

mad.f32
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mul.f32
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9.5 Parallel memory system

▪ 

▪ 

▪ 

▪ 
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bar.sync

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/9/print

40 of 88 5/16/2025, 11:57 PM



membar
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tex

tex
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9.6 Floating point arithmetic

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/9/print

43 of 88 5/16/2025, 11:57 PM



mad
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9.7 Real stuff: The NVIDIA GeForce 8800
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bar.sync
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parallel_sort()
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9.8 Real stuff: Mapping applications to GPUs

Av Aj

Av Ap

Aj Av Ap[i]

Ap[i + 1] Ap[0] Ap[n]
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multiply_row()

multiply_row()

float multiply_row(unsigned int rowsize,

                   unsigned int *Aj,     // column indices for row

                   float *Av,            // nonzero entries for row

                   float *x)             // the RHS vector

{

    float sum = 0;

    for(unsigned int column = 0; column < rowsize; ++column)

        sum += Av[column] * x[Aj[column]];

    return sum;

}
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void csrmul_serial(unsigned int *Ap, unsigned int *Aj,

                   float *Av, unsigned int num_rows,

                   float *x, float *y)

{

    for(unsigned int row=0; row < num_rows; ++row)

    {

        unsigned int row_begin = Ap[row];

        unsigned int row_end = Ap[row + 1];

        y[row] = multiply_row(row_end - row_begin, Aj + row_begin,

                              Av + row_begin, x);

    }

}

csrmul_serial()

csrmul_serial()

__global__

void csrmul_kernel(unsigned int *Ap, unsigned int *Aj,

                   float *Av, unsigned int num_rows,

                   float *x, float *y)

{

    unsigned int row = blockIdx.x * blockDim.x + threadIdx.x;

    if(row < num_rows)

    {

        unsigned int row_begin = Ap[row];

        unsigned int row_end = Ap[row + 1];
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        y[row] = multiply_row(row_end - row_begin, Aj + row_begin,

                              Av + row_begin, x);

    }

}

unsigned int blocksize = 128;    // or any size up to 512

unsigned int nblocks = (num_rows + blocksize - 1) / blocksize;

csrmul_kernel<<<nblocks,blocksize>>>(Ap, Aj, Av, num_rows, x, y);
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__global__

void csrmul_cached(unsigned int *Ap, unsigned int *Aj,

                   float *Av, unsigned int num_rows,

                   const float *x, float *y)

{

    // Cache the rows of x[] corresponding to this block.

    __shared__ float cache[blocksize];

    unsigned int block_begin = blockIdx.x * blockDim.x;

    unsigned int block_end = block_begin + blockDim.x;

    unsigned int row = block_begin + threadIdx.x;

    // Fetch and cache our window of x[].

    if( row<num_rows) cache[threadIdx.x] = x[row];

    __syncthreads();

    if( row<num_rows )

    {

        unsigned int row_begin = Ap[row];

        unsigned int row_end = Ap[row + 1];

        float sum = 0, x_j;

        for(unsigned int col = row_begin; col < row_end; ++col)

        {

            unsigned int j = Aj[col];

            // Fetch x_j from our cache when possible

            if(j >= block_begin && j < block_end)

                x_j = cache[j - block_begin];

            else

                x_j = x[j];

            sum += Av[col] * x_j;

        }

        y[row] = sum;

    }

}
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x[i]

x[i]

x[i] x[j]

multiply_row() x

Ap[row + 1]

csrmul_serial()

parallel_for

csrmul_kernel() csrmul_cached()

⊕ scan

⊕
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template<class T>

__host__ T plus_scan(T *x, unsigned int n)

{

    for(unsigned int i = 1; i < n; ++i)

        x[i] = x[i - 1] + x[i];

}

x[ ]

template<class T>

__device__ T plus_scan(T *x)

{

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/9/print

64 of 88 5/16/2025, 11:57 PM



    unsigned int i = threadIdx.x;

    unsigned int n = blockDim.x;

    for(unsigned int offset = 1; offset < n; offset *= 2)

    {

        T t;

        if(i >= offset) t = x[i - offset];

        __syncthreads();

        if(i >= offset) x[i] = t + x[i];

        __syncthreads();

    }

    return x[i];

}
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scan

__global__

void plus_reduce(int *input, unsigned int N, int *total)

{

    unsigned int tid = threadIdx.x;

    unsigned int i = blockIdx.x*blockDim.x + threadIdx.x;

    // Each block loads its elements into shared memory, padding

    // with 0 if N is not a multiple of blocksize

    __shared__ int x[blocksize];

    x[tid] = (i<N) ? input[i] : 0;

    __syncthreads();

    // Every thread now holds 1 input value in x[]

    //
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    // Build summation tree over elements.

    for(int s=blockDim.x/2; s>0; s=s/2)

    {

        if(tid < s) x[tid] += x[tid + s];

        __syncthreads();

    }

    // Thread 0 now holds the sum of all input values

    // to this block. Have it add that sum to the running total

    if( tid == 0 ) atomicAdd(total, x[tid]);

}

total

atomicAdd()

values

__device__ void radix_sort(unsigned int *values)

{
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    for(int bit = 0; bit < 32; ++bit)

    {

        partition_by_bit(values, bit);

        __syncthreads();

    }

}

partition_by_bit()

partition_by_bit()

__device__ void partition_by_bit(unsigned int *values,

unsigned int bit)

{

    unsigned int i    = threadIdx.x;

    unsigned int size = blockDim.x;

    unsigned int x_i  = values[i];

    unsigned int p_i  = (x_i >> bit) & 1;

    values[i] = p_i;

    __syncthreads();

    // Compute number of T bits up to and including p_i.

    // Record the total number of F bits as well.

    unsigned int T_before = plus_scan(values);

    unsigned int T_total  = values[size-1];

    unsigned int F_total  = size - T_total;
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    __syncthreads();

    // Write every x_i to its proper place

    if( p_i )

        values[T_before-1 + F_total] = x_i;

    else

        values[i - T_before] = x_i;

}
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void accel_on_all_bodies()

{

    int i, j;

    float3 acc(0.0f, 0.0f, 0.0f);

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

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

            acc = body_body_interaction(acc, body[i], body[j]);

        }

        accel[i] = acc;
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    }

}

__global__ void accel_on_one_body()

{

    int i = threadIdx.x + blockDim.x * blockIdx.x;

    int j;

    float3 acc(0.0f, 0.0f, 0.0f);

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

        acc = body_body_interaction(acc, body[i], body[j]);

    }

    accel[i] = acc;

}

__syncthreads()

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:55 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/9/print

71 of 88 5/16/2025, 11:57 PM



accel_on_one_body()

__shared__ float4 shPosition[256];

...

__global__ void accel_on_one_body()

{

    int i = threadIdx.x + blockDim.x * blockIdx.x;

    int j, k;

    int p = blockDim.x;

    float3 acc(0.0f, 0.0f, 0.0f);

    float4 myBody = body[i];

    for (j = 0; j < N; j += p) {       // Outer loops jumps by p each time

        shPosition[threadIdx.x] = body[j + threadIdx.x];

        __syncthreads();

        for (k = 0; k < p; k++) {      // Inner loop accesses p positions

            acc = body_body_interaction(acc, myBody, shPosition[k]);

        }

        __syncthreads();

    }

    accel[i] = acc;

}
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9.9 Fallacies and pitfalls
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9.10 Concluding remarks
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9.11 Historical perspective and further reading
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