
Let’s do a Step by step Porting



Example: Tiled MxM
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void matmulBlock_hw(T a[BS][BS],T b[BS][BS],T c[BS][BS]);

…

for (i_b=0; i_b<BSIZE; i_b++)

for (j_b=0; j_b<BSIZE; j_b++)

for (k_b=0; k_b<BSIZE; k_b++)

matmulBlock_hw(AA[i_b][k_b], BB[k_b][j_b], CC[i_b][j_b]);

…

It is better to port it to pointer-based code, 
as it happens in CUDA … GPU porting...



Note… SMP Porting of Tiled MxM
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…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(smp) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c)

void matmulBlock_hw(T *a,T *b,T *c); …

...

for (unsigned int i = 0; i < msize/BSIZE; i++) {

for (unsigned int j = 0; j < msize/BSIZE; j++) {

unsigned int const ci = j*b2size + i*BSIZE*msize;

for (unsigned int k = 0; k < msize/BSIZE; k++) {

unsigned int const ai = k*b2size + i*BSIZE*msize;

unsigned int const bi = j*b2size + k*BSIZE*msize;

matmulBlock_hw(&a[ai], &b[bi], &c[ci]);

}}}
#pragma oss taskwait

…  Taskwait directive!!!!

 Target device by 
default is smp

 No copy deps 
since it is the 
same memory 
space



FPGA Porting of Tiled MxM w/ pointers
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…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c); …

...

for (unsigned int i = 0; i < msize/BSIZE; i++) {

for (unsigned int j = 0; j < msize/BSIZE; j++) {

unsigned int const ci = j*b2size + i*BSIZE*msize;

for (unsigned int k = 0; k < msize/BSIZE; k++) {

unsigned int const ai = k*b2size + i*BSIZE*msize;

unsigned int const bi = j*b2size + k*BSIZE*msize;

matmulBlock_hw(&a[ai], &b[bi], &c[ci]);

}}}
#pragma oss taskwait

…

 Task device (fpga)
 num_instances
 copy_deps

 Taskwait directive!!!!



What is matmulBlock_hw?

16

Advise: Add 
labels to loops!

…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c);

…
void matmulBlock_hw(elem_t *a, elem_t *b, elem_t *c) {

unsigned int i, j, k;

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

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

elem_t sum = c[i*BSIZE + j];

for (k = 0; k < BSIZE; k++) 

sum += a[i*BSIZE + k] * b[k*BSIZE + j];

c[i*BSIZE + j] = sum;

}}}



What is matmulBlock_hw?
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…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c);

…
void matmulBlock_hw(elem_t *a, elem_t *b, elem_t *c) {

unsigned int i, j, k;

loop_i_matmul:

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

loop_j_matmul:

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

elem_t sum = c[i*BSIZE + j];

loop_k_matmul:

for (k = 0; k < BSIZE; k++) 

sum += a[i*BSIZE + k] * b[k*BSIZE + j];

c[i*BSIZE + j] = sum;

}   }}

Advise: Add 
labels to loops!
If you want to 
analyze the HLS 
synthesis w/ Vivado 
HLS



How do we optimize the kernel?
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#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c);

…

void matmulBlock_hw(elem_t *a, elem_t *b, elem_t *c) {

unsigned int i, j, k;

loop_i_matmul:

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

loop_j_matmul:

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

elem_t sum = c[i*BSIZE + j];

loop_k_matmul:

for (k = 0; k < BSIZE; k++) 

sum += a[i*BSIZE + k] * b[k*BSIZE + j];

c[i*BSIZE + j] = sum;

}   }}



Performance Analysis: 32x32 acc … low level...

Automatic unroll

Automatic array partitioning!

Automatic pipeline!

compilation_program.ait.log



Performance Analysis: 32x32 acc ...GUI Vitis HLS



Performance Analysis: 32x32 acc ...GUI (II/III)



Performance Analysis: 32x32 acc ...GUI (III/III)



What is the performance of the Acc version?
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Paraver Analysis: 32x32 – Vitis HLS opt. 
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Increase to two accelerators 
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…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c); …

...

for (unsigned int i = 0; i < msize/BSIZE; i++) {

for (unsigned int j = 0; j < msize/BSIZE; j++) {

unsigned int const ci = j*b2size + i*BSIZE*msize;

for (unsigned int k = 0; k < msize/BSIZE; k++) {

unsigned int const ai = k*b2size + i*BSIZE*msize;

unsigned int const bi = j*b2size + k*BSIZE*msize;

matmulBlock_hw(&a[ai], &b[bi], &c[ci]);

}}}
#pragma oss taskwait

…

Question: 
How can we obtain two 
accelerators?



Increase to two accelerators 
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…

#define BSIZE 32

const unsigned int CONST_BSIZE = BSIZE;

#pragma oss task device(fpga) in([CONST_BSIZE*CONST_BSIZE]a, [CONST_BSIZE*CONST_BSIZE]b) \
inout([CONST_BSIZE*CONST_BSIZE]c) copy_deps num_instances(1)

void matmulBlock_hw(T *a,T *b,T *c); …

...

for (unsigned int i = 0; i < msize/BSIZE; i++) {

for (unsigned int j = 0; j < msize/BSIZE; j++) {

unsigned int const ci = j*b2size + i*BSIZE*msize;

for (unsigned int k = 0; k < msize/BSIZE; k++) {

unsigned int const ai = k*b2size + i*BSIZE*msize;

unsigned int const bi = j*b2size + k*BSIZE*msize;

matmulBlock_hw(&a[ai], &b[bi], &c[ci]);

}}}
#pragma oss taskwait

…

num_instances(2)

FPGA

With 
AIT tool 
─ Few extensions 

(num_instances)
─ Triggers the 

bitstream 
generation 
automatically 
(Stub function 

generated)



Overall – Vitis... synthesis - auto
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One instance….



Overall – Vitis... synthesis - auto
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Two... instances….



Increase to two accelerators … II=2 
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…

#define BSIZE 32

void matmulBlock_hw(elem_t *a, elem_t *b, elem_t *c) {

unsigned int i, j, k;

unsigned int FACTOR=BSIZE/2;

#pragma HLS ARRAY_PARTITION variable=a dim=1 cyclic factor=FACTOR

#pragma HLS ARRAY_PARTITION variable=b dim=1 block factor=FACTOR

loop_i_matmul: 

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

loop_j_matmul:

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

#pragma HLS PIPELINE II=2

elem_t sum = c[i*BSIZE + j];

loop_k_matmul:

for (k = 0; k < BSIZE; k++) 

sum += a[i*BSIZE + k] * b[k*BSIZE + j];

c[i*BSIZE + j] = sum;

}   }}

Let’s increase II =2 … to
help to fit the acc… 

What is the performance?
- Copies in parallel?
- Accelerator slower?



What is the performance of the Acc version?
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Question: 
Why?



Paraver Analysis: 2acc 32x32 II=2

31

- Slower Accelerator
II=2 vs II=1

- Memory conflicts
Accessing memory

Paraver view with same 
duration and size...

2 accelerators

1 accelerator


