CSCI 5451: Introduction to Parallel Computing

Lecture 26: Reduction in Cuda
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Reduction (Reca”) Reducti.ons involve an
operation performed

over some set of data




Reduction (Recall)
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Reductions involve an
operation performed
over some set of data

Addition

sum

= 0.0f;

for(i = 0; 1 < N; ++1i)

}

sum = 1npubtifil;
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Reduction (Reca”) Reducti.ons involve an
operation performed

over some set of data

Addition
01 sum = 0.0f;
02 for(i = 0; 1 < N; ++1i) {
03 sum += input[i];
04 }

Generic Operations

01 acc = IDENTITY:;

02 for(i = 0; i < N; ++i) |

03 acc = Operator (acc, input[il]);
04 }



Reduction (Reca”) Reductions involve an
How to Parallelize? operation performed

over some set of data

Addition
01 sum = 0.0f;
02 for(i = 0; 1 < N; ++1i) {
03 sum += input[i];
04 }

Generic Operations

01 acc = IDENTITY;

02 for(i = 0; i < N; ++i) |

03 acc = Operator (acc, input[il]);
04 }



Reduction (Recall)

How to Parallelize?
Reduction Trees
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Reductions involve an
operation performed
over some set of data

Addition
01 sum = 0.0f;
02 for(i = 0; 1 < N; ++1i) {
03 sum += input[i];
04 }

Generic Operations

01 acc = IDENTITY;
02 for(i = 0; i < N; ++i) |
03 acc = Operator (acc, input[il]);

04 }




Simple Kernel Within one Block

 To start with, let's write a reduction
kernel using only a single threadblock

4 If we have an array of N elements,

CUDA thread CUDA core
what is the maximum amount of 3 a [
concurrency when performing a
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my_kernel<<<1, num_threads>>>(arg1, arg2);



Simple Kernel Within one Block

 To start with, let's write a reduction
kernel using only a single threadblock

4 If we have an array of N elements, CUDA thread CUDA core
what is the maximum amount of by [
concurrency when performing a
reduction CUDA thread block Mﬁ::%::ct::gi(gix)
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4 Given this, what is the maximum
array size we can perform reduction
onina single threadblock my_kernel<<<1, num_threads>>>(arg1, arg2);
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Simple Kernel Within one Block

 To start with, let's write a reduction
kernel using only a single threadblock

4 If we have an array of N elements, CUDA thread CUDA core
what is the maximum amount of 3 by [
concurrency when performing a
reduction CUDA thread block Mﬁllill?)?':z::o":(giﬁ)

4 Given this, what is the maximum
array size we can perform reduction
onina single threadblock my_kernel<<<1, num_threads>>>(arg1, arg2);

o 2048 (i.e. number of threads in a block
divided by 2)



Simple Kernel Within one Block

01 _ _glebal  woid SimpleSumReductionKernel(float* input, float* output) {
02 unsigned int i = 2*threadIdx.x;

03 for (unsigned int stride = 1; stride <= blockDim.x; stride *= 2) {
04 if (threadIdx.x % stride == 0) {

05 input[i] += input[i + stride];

06 }

07 ___syncthreads():

08 }

09 if (threadIdx.x == 0) {

10 *output = input[0];

11 }

12 }



Simple Kernel Within one Block

What does this reduction tree look like?
Which threads access what elements of
memory? Which memory locations are
written to at each depth of the tree?

01 __global void SimpleSumReductionKernel (float* input, float* output) ({
02 unsigned int i = 2*threadIdx.x;

03 for (unsigned int stride = 1; stride <= blockDim.x; stride *= 2) {
04 if (threadIdx.x % stride == 0) {

05 input[i] += input[i + stride];

06 }

07 ___syncthreads():

08 }

09 if (threadIdx.x == 0) {

10 *output = input[0];

11 }

12 }



Simple Kernel Within one Block
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Simple Kernel Within one Block

Thread 0 Thread 1 Thread 2 Thread 3 Thread 4 Thread 5 Thread 6 Thread 7

What are some problems 2 % 2 2 2 2 % 2

with this implementation? 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Simple Kernel Within one Block

Thread 0 Thread 1 Thread 2 Thread 3 Thread 4 Thread 5 Thread 6 Thread 7

What are some problems 2 % 2 2 2 2 *S, 2

Wlth th|S implementation? O 1 2 3 4 5 6 7 8 9 1 11 12 13 14 15
- Warp Divergence.

- Divergent memory _/ J/ J/

accesses (no

coalescing) / ,/ ./ /

- Redundant memory
loading
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Simple Kernel Within one Block

Thread 0 Thread 1 Thread 2 Thread 3 Thread 4 Thread 5 Thread 6 Thread 7

V\(hatgre_some problgms é % 2 2 2 2 .5) g

with this implementation? 5 3 4 5 6 7 8 9 10 11 12 13 14 15
- Warp Divergence.

- Divergent memory 1% N

accesses (no

coalescing) L L L L=

- Redundant memory
loading

" " /
Let’s fix these first :
e '




Simple Kernel Within one Block ~ Howtofix this?

Thread 0 Thread 1 Thread 2 Thread 3 Thread 4 Thread 5 Thread 6 Thread 7

V\(hatgre_some problgms é % 2 2 % 2 .5) g

with this implementation? 5 3 4 5 6 7 8 9 10 11 12 13 14 15
- Warp Divergence.

- Divergent memory 1% N

accesses (no

coalescing) / / / /

- Redundant memory
loading

" " /
Let’s fix these first :
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Minimize Divergence Kernel
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Threads now compute

over adjacent memory
locations. e ”Z%%//
- No warp
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reads/writes
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Minimize Divergence Kernel

01 __global  void ConvergentSumReductionKernel (float* input, float* output) {
02 unsigned int i = threadIdx.x;

03 for (unsigned int stride = blockDim.x; stride >= 1; stride /= 2) {
04 if (threadIdx.x < stride) {

05 input[i] += input[i + stride];

06 }

07 . syncthreads () ;

08 }

09 if (threadIdx.x == 0) {

10 *output = input[0];

11 }

12 }



Minimize Divergence Kernel

We have only changed these

two lines
01 __global  void ConvergentSumReductionKernel (float* input, float* output) ({
02 unsigned int i = threadIdx.x;
03 ‘ for (unsigned int stride = blockDim.x; stride >= 1; stride /= 2) {
04 if (threadlIdx.x < stride) {
05 input[i] += input[i + stride];
06 }
07 _ syncthreads () ;
08 }
09 if (threadIdx.x == 0) {
10 *output = input[0];
11 }
12 }



R - How can we improve this
Minimize Dlvergence KEI’HE| within block kernel further?

We have only changed these

two lines
01 __global  void ConvergentSumReductionKernel (float* input, float* output) ({
02 unsigned int i = threadIdx.x;
03 ‘ for (unsigned int stride = blockDim.x; stride >= 1; stride /= 2) {
04 if (threadlIdx.x < stride) {
05 input[i] += input[i + stride];
06 }
07 _ syncthreads () ;
08 }
09 if (threadIdx.x == 0) {
10 *output = input[0];
11 }
12 }



Shared Memory Kernel

Repeat the same
access pattern as in the

last kernel, but only the W
a7 Y Initial load from global memory

first read and last write

w/\NThread 0
w\NThread 1
w/\N\Thread 2
w/\N\Thread 3
w\ N Thread 4
wA\ N\ Thread 5
A\ Thread 6
w/\NThread 7

are from/to gIObal - Subsequent writes and reads
memaory.

continuein shared memory




Shared Memory Kernel

0)1L D glebal S weidsSharedMemorySunReduce vonKerne L (Eloat > npt )
02 __shared  float input s[BLOCK DIM];

03 unsigned int t = threadIdx.x;

04 input s[t] = input[t] + input[t + BLOCK DIM];

05 for (unsigned int stride = blockDim.x/2; stride >= 1; stride /= 2) {
06 __syncthreads() ;

07 if (threadIdx.x < stride) {

08 input sft] t="input gt + stride];

09 }

10 }

IR if (threadIdx.x == 0) {

12 foutput = 1rnput s[0];

s }

14 }



How can we extend this pattern to multiple blocks
when the sequence length is greater than 20487
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A Hierarchical Reduction Kernel
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A Hierarchical Reduction Kernel

01 __global  SegmentedSumReductionKernel (float* input, float* output) {
02 . shared tloat input sS[BLOCK DIM];

03 unsigned int segment = 2*blockDim.x*blockIdx.x;

04 unsigned int i1 = segment + threadIdx.x;

05 unsigned int t = threadIldx.x;

06 input s[t] = input([i] + input[i + BLOCK DIM];

07 for (unsigned int stride = blockDim.x/2; stride >= 1; stride /= 2){
08 . symcthreads();

09 1f (£t < stride) {

10 input s[t] += dinput St + stride]:

11 }

1 }

il if (£t == 0) {

14 atomicAdd (output, input s[0]);

15 }

16 }



What further improvements can we make to this
access pattern?

Input
} } }

Segment, Segment; Segmentg 4
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Coarsened Kernel
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Coarsened Kernel
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(A) Execution of two original thread (B) Execution of one coarsened thread block doing
blocks serialized by the hardware the work of two original thread blocks




Coarsened Kernel

01 . global @ CoarsenedsumBeductionkernel (float* input, float* output}) {
02 _ shared @ float input s[BLOCK DIM];

03 unsigned int segment = COARSE FACTOR*2*blockDim.x*blockIdx.x;

04 unsigned int i = segment + threadldx.x;

05 unsigned int t = threadIdx.x;

06 float sum = input[i];

07 for(unsigned int tile = 1; tile < COAREE FACTORXZ2; +ttile)

08 sum = anput [i + tile*BLOCK DIM]?

09 }

10 input s[t] = sum;

11 for (unsigned int stride = blockDim.x/2; stride >= 1; stride /= 2) {
12 _ _syncthreads() ;

13 if (t < stride) {

14 imputse] = "anpit st 4+ stridel;

5 }

16 }

17 if (£ = 0) {

18 atomicAdd (output, input s[0]);

1LE }

20 }



