11 GAP8 Memory Architecture Proposed GEMM algorithm (B3C2A0)
Efficient ;

for (je=0; je <n; je+=nc)

L2 for (pe =0; pe <k; pe+=ke ) {

S A ; Low-Power MCU ! : Be 4 B(pe : pe + ke — 1. je : je +ne — 1); // Pack
Matrlx DMA—>] Do for (ie=0; ip <m; dcd=me) {
. Ce = Clic siec+me—1,je: jo+ne—1); // Pack
e . for (pr =0; pr < ke; pr+=kr)
o = 4 L3 M L2 FC . L5 for (ir =0; ir < mc; ir +=my )
Mu t’ ’Ca t’ons em'ory Memory L1D L1I - L6 for (jr =0; jr <ne; jr+=1) Micro-kernel
Off chip : Ciollim + ir +mr — 1,0

+= Ac(iry 2 ir +mp — Lpr :pr + kr — 1)

on RISC-V MCUs T oo
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Matrix Packing, Copying, Streaming Proposed micro-Kernel (Loop 6)

N gemm_ukernel ABresident_gap8( int nc, signed char *A, int 1dA,
c, A . signed char Br , signed char Cc )
T . {
; Lo + = ‘ K int jr, baseCB = 0;
ReQZSter I ' R . v4s A0, Al, A2, A3, // Columns of the 4x4 micro-tile Ar
ime xn. om, Xk k : . br, cr; // Columns of Br, Cr
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:
H // Load the columns of the 4x4 micro-tile Ar into vector
L1 Memory : ' registers
Stream ! . // Simulated in software using the vds datatype
\ k . A0 = ((v4s ) (&A[0]); Al = ((v4s ) (sA[Alda] );
. A2 = ((v4s ) (sA[2*Alda]); A3 = ((vd4s ) (sA[3*Alda] );
T
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N // Transposition of Ar omitted for brevity
'
Stream ' : /..
N for ( jr = 0; jr < nc; jr++ ) { // Loop L6
// Load the jr-th columns of Cr, Br into two vector registers
cr = ((vds ) (&Cr[baseCB]) ;

GAP8 7 br = ((vds ) (sBr[baseCB]):

// Update i-th entry of cr as cr[i] += Ai * br, i=0,1,2,3,

Levera g e Dot p I"Od u Ct L3 Memory . x Zzzsfﬁipffnzﬁfﬁiois realized in software via the

cr[0] += gap8_dotp4 (A0, br); cr[l] += gap8_dotp4 (Al, br);
cr[2] += gap8_dotp4 (A2, br); cr[3] += gap8_dotp4 (A3, br);

// Store the column of Cr in memory. No vector support in

vector instructions :
NEW MU|t|'|eve| GAPZr[basecmo] :crlol: Cr[baseCB+1] :cr[l];

Cr[baseCB+2] cr[2]; Cr[baseCB+3] cr[3];

memory h iera I'C hy baseCB += 4; // Prepare for next iteration
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