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Introduction

➢ AOCL – AMD optimizing CPU Libraries

➢ AOCL are a set of numerical libraries tuned specifically for AMD EPYC™ processor family

➢ BLIS is part of this AOCL

➢ https://developer.amd.com/amd-aocl/

➢ Latest source code for BLIS is available on GitHub https://github.com/amd/blis

➢ For any issues or queries regarding the libraries, please contact aoclsupport@amd.com

➢ Latest version is AOCL 3.2

➢ Zen3 Optimizations added

https://developer.amd.com/amd-aocl/
https://github.com/amd/blis
mailto:aoclsupport@amd.com
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TRSM Small Requirement

• Problem Statement:

• Existing native implementation of TRSM is suitable for larger inputs but less efficient for smaller input matrixes 

example range {m,n}<=1000 for dtrsm. 

• There is a need to implement efficient trsm implementation for small dimension inputs
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TRSM Small Algo
Input A (m x m) Input B/ Output C  (m x n)

m N

a11

m m
b01 b01 b01 b01 b01 b01 b01 b01 b01 b01

a10 a11
a10 a11

a10 a11
a10 a11

a10 a11
a10 a11

a10 a11 b11 b11 b11 b11 b11 b11 b11 b11 b11 b11

GEMM = ( a10 * b01 ),  which stored in ymm registers

a10 Packed Gemm input of B/C matrix ((m-mr) x n)

maximum Size (m-mr) nr nr nr nr nr nr nr nr nr nr

mr a10

(m-mr) b01 b01 b01 b01 b01 b01 b01 b01 b01 b01

TRSM = (b11 – ymm) / (d11)

d0

d1

d2

d3

d4

d5

d6

d7

mr

mra11

d0 d1 d2 d3 d4 d5 d6 d7

Pack mr Diagonal Elements into d11 buffer
d11

mr  b11  b11  b11 b11 b11 b11 b11 b11 b11 b11

n
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TRSM Small Algo: Pseudo Code of Algorithm
Example: Left Cases of DTRSM (for DTRSM: D_MR:  8 and  D_NR: 6 )

for m cols of A ---> in steps of D_MR

Pack (D_MR x m’ ) elements of A into a10 buffer where 0<=m’<=m-8

Invert and pack D_MR diagonal elements of a11 in d11 buffer

for n rows of B ---> in steps of D_NR

Initialize accumulator registers to zero

if(not diagonal block)

Perform GEMM using a10 and  b01 at block sizes of (D_MR x D_NR) and keep the GEMM output in registers

Load D_MR x D_NR block from B (b11) and multiply with alpha

Perform TRSM on b11 using a11 and GEMM output on the registers.

Update B matrix with output

end

Handle n fringe cases (where last the blocks are less than D_NR) with similar fashion with fringe kernels

end

Handle fringe cases (where last the blocks are less than D_MR and D_NR) similar fashion with fringe kernels
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Optimization techniques used in this design

• Fusing GEMM and TRSM at register level

• Reuse of a10 packed buffer across micro-panels in B while performing GEMM operation

• Prefetching of next micro-panel in a10 and b01 while performing GEMM operation

• Packing diagonal elements alone into d0 buffer for better cache utilization

• Taking care of A transpose when packing



//LLNN

for(k = 0; k< m-8; k++) 

{ 

ymm0 = _mm256_loadu_pd((double const *)(pa));       

ymm1 = _mm256_loadu_pd((double const *)(pa + 4));

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 0));        

ymm8 = _mm256_fmadd_pd(ymm2, ymm0, ymm8);        

ymm12 = _mm256_fmadd_pd(ymm2, ymm1, ymm12);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 1));        

ymm9 = _mm256_fmadd_pd(ymm2, ymm0, ymm9);      

ymm13 = _mm256_fmadd_pd(ymm2, ymm1, ymm13);       

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 2));  

ymm10 = _mm256_fmadd_pd(ymm2, ymm0, ymm10);        

ymm14 = _mm256_fmadd_pd(ymm2, ymm1, ymm14);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 3));        

ymm11 = _mm256_fmadd_pd(ymm2, ymm0, ymm11);     

ymm15 = _mm256_fmadd_pd(ymm2, ymm1, ymm15);   

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 4));       

ymm4 = _mm256_fmadd_pd(ymm2, ymm0, ymm4);     

ymm6 = _mm256_fmadd_pd(ymm2, ymm1, ymm6);       

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 5));  

ymm5 = _mm256_fmadd_pd(ymm2, ymm0, ymm5);     

ymm7 = _mm256_fmadd_pd(ymm2, ymm1, ymm7);    

pb += 1;            //move to  next row of B        

pa += 8;            //move to  next col of A

}

//RLNN

for(k = 0; k< m-8; k++) 

{ 

ymm0 = _mm256_loadu_pd((double const *)(pb));       

ymm1 = _mm256_loadu_pd((double const *)(pb + 4));

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 0));        

ymm8 = _mm256_fmadd_pd(ymm2, ymm0, ymmpb8);        

ymm12 = _mm256_fmadd_pd(ymm2, ymm1, ymm12);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 1));        

ymm9 = _mm256_fmadd_pd(ymm2, ymm0, ymm9);      

ymm13 = _mm256_fmadd_pd(ymm2, ymm1, ymm13);       

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 2));  

ymm10 = _mm256_fmadd_pd(ymm2, ymm0, ymm10);        

ymm14 = _mm256_fmadd_pd(ymm2, ymm1, ymm14);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 3));        

ymm11 = _mm256_fmadd_pd(ymm2, ymm0, ymm11);     

ymm15 = _mm256_fmadd_pd(ymm2, ymm1, ymm15);   

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 4));       

ymm4 = _mm256_fmadd_pd(ymm2, ymm0, ymm4);     

ymm6 = _mm256_fmadd_pd(ymm2, ymm1, ymm6);       

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 5));  

ymm5 = _mm256_fmadd_pd(ymm2, ymm0, ymm5);     

ymm7 = _mm256_fmadd_pd(ymm2, ymm1, ymm7);    

pa += 1;            //move to  next row of B        

pb += 8;            //move to  next col of A

}

K loop in 8x6 DGEMM Kernel Without prefetch
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Prefetching next micro panel of loading matrix

kloop

0

1

2

3

4

5

6

7

0

1

2

3

4

5

6

7

Prefetch 

next 8x8 

micro 

pannel 

while 

working 

on above 

micro 

Load Load

Load Load

prefetch

prefetch

prefetch

prefetch

prefetch

prefetch

prefetch

prefetch

Load Load

Load Load

Load Load

Current working Pannel of A which is loading

64 bytes

Load Load

Load Load

Load Load
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Prefetching next micro panel of broadcasting matrix

r0 r1 r2 r3 r4 r5 r6 r7

col0 0

col1 1

col2 2

col3 3

col4 4

col5 5

6

7

Current 6x8 micro pannel of B Prefetch the next 6x8 micro pannel of B while processing 

Last two prefetches are not usefull because they fall outside next 

micro pannel 6x8, can be avoided if we unroll the loop

prefetch0

prefetch0

prefetch0

prefetch0

prefetch0

prefetch0

prefetch0

prefetch0

K 

L
O
O
p

K  LOOP
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K loop in 8x6 DGEMM Kernel Without prefetch

//LLNN

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

{

ymm0 = _mm256_loadu_pd((double const *)(pa));

ymm1 = _mm256_loadu_pd((double const *)(pa + 4));

_mm_prefetch((char*)( a10 + 8*8), _MM_HINT_T0);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 0));

ymm8 = _mm256_fmadd_pd(ymm2, ymm0, ymm8);

ymm12 = _mm256_fmadd_pd(ymm2, ymm1, ymm12);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 1));

ymm9 = _mm256_fmadd_pd(ymm2, ymm0, ymm9);

ymm13 = _mm256_fmadd_pd(ymm2, ymm1, ymm13);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 2));

ymm10 = _mm256_fmadd_pd(ymm2, ymm0, ymm10);

ymm14 = _mm256_fmadd_pd(ymm2, ymm1, ymm14);

if(k & 0x7) b01_prefetch += cs_b;

else           b01_prefetch   = b01+ 8;

_mm_prefetch((char*)( b01_prefetch), _MM_HINT_T0);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 3));

ymm11 = _mm256_fmadd_pd(ymm2, ymm0, ymm11);

ymm15 = _mm256_fmadd_pd(ymm2, ymm1, ymm15);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 4));

ymm4 = _mm256_fmadd_pd(ymm2, ymm0, ymm4);

ymm6 = _mm256_fmadd_pd(ymm2, ymm1, ymm6);

ymm2 = _mm256_broadcast_sd((double const *)(pb + cs_b * 5));

ymm5 = _mm256_fmadd_pd(ymm2, ymm0, ymm5);

ymm7 = _mm256_fmadd_pd(ymm2, ymm1, ymm7);

pb += 1;            //move to  next row of B

pa += 8;            //pointer math to calculate next block of A for GEMM

}

//RLNN

for(k = 0; k< m-8; k++) 

{ 

ymm0 = _mm256_loadu_pd((double const *)(pb)); 

ymm1 = _mm256_loadu_pd((double const *)(pb + 4));

_mm_prefetch((char*)( pb + 8*cs_b), _MM_HINT_T0);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 0));

ymm8 = _mm256_fmadd_pd(ymm2, ymm0, ymmpb8);

ymm12 = _mm256_fmadd_pd(ymm2, ymm1, ymm12);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 1)); 

ymm9 = _mm256_fmadd_pd(ymm2, ymm0, ymm9);

ymm13 = _mm256_fmadd_pd(ymm2, ymm1, ymm13);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 2)); 

ymm10 = _mm256_fmadd_pd(ymm2, ymm0, ymm10);

ymm14 = _mm256_fmadd_pd(ymm2, ymm1, ymm14);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 3));

ymm11 = _mm256_fmadd_pd(ymm2, ymm0, ymm11);

ymm15 = _mm256_fmadd_pd(ymm2, ymm1, ymm15);

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 4));

ymm4 = _mm256_fmadd_pd(ymm2, ymm0, ymm4); 

ymm6 = _mm256_fmadd_pd(ymm2, ymm1, ymm6);      

ymm2 = _mm256_broadcast_sd((double const *)(pa + pda * 5));

ymm5 = _mm256_fmadd_pd(ymm2, ymm0, ymm5);

ymm7 = _mm256_fmadd_pd(ymm2, ymm1, ymm7);

pa += 1;            //move to  next row of B

pb += cs_b;            //move to  next col of A

}
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Gains observed in RLNN variant (XA=B) with Prefetch
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Gains observed in LLNN variant (AX=B) with Prefetch
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DTRSM/STRSM Performance Report
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ZTRSM/CTRSM Performance Report
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Code Path

Code Link:   https://github.com/amd/blis/blob/master/kernels/zen/3/bli_trsm_small.c

https://github.com/amd/blis/blob/master/kernels/zen/3/bli_trsm_small.c


Thank you

Questions and suggestions?
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