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BLISlab: A Sandbox for Optimizing GEMM
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Loop 5 for j.=0:n—1 steps of n.

Loop 4

Loop 3

Loop 2

Loop 1

Loop 0

jc:jc 3jc+nc—1
for p.=0: k—1 steps of k.
Pczpc ipc+kc—1
B(Pc, jc) — Bc // Pack into Bc
for ic=0: m—1 steps of m.
Te=tc :tet+me—1

A(Zc,Pe) = Ac // Pack into A,

// Macro-kernel
for j,=0:n.—1 steps of n,

j’r':j'r' 5j'r'+’n'r'—1
for i, =0:m.—1 steps of m,
Irz'l:r:ir‘*'mr_l

// Micro-kernel
for k., =0:k.—1
Cc (I'r, jr)
+= Ac(I'r', kr) Bc(k'r', \77')
endfor

endfor
endfor

endfor
endfor
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Auto Tuning in Al
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Auto Tuning in Al
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for (int n = @; n < o_n; ++n) {

for (int c

9; ¢ < o_c; ++c) {

for (int j = 0; j < o_h; ++j) {
for (int i = 0; 1 < o_w; ++1i) {

int d_start = n x i_c *x i_h xi_w+ j % iw+ i;

int temp = 9;

for (int kk = 0; kk < k_c; ++kk) {

for (int kj = 0; kj < k_h; ++kj) {
for (int ki = 0; ki < k_w; ++ki) {

int k_idx = kk * k_h *x k_w + kj * k_w + ki;
int d_idx = d_start + kk x i_h % i_w + kj * i_w + ki;
temp += inputs->datald_idx] * kernel->datalk_idx];

b
}

res[n *x o_c * o_h x o_w + j x o_w + i] = temp;
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Auto Tuning in Al

S04, Parameterization

B ANREY Cost Model
¥ZREX Search Algorithm

SEUL Parameterization : JTEEIULIARUAITER , SEUMHZE—RBFTSELERR (Lo
op ) NAJRESEEVER G , RILFERRREHTSEULTR. Halide KBEIEFEEREFS |
TVM $R{EIEEENR,

bx, tx = s[C].split(C.op.axis[@], factor=64)
s[C].bind(bx, tvm.te.thread_axis("blockIdx.x"))

s[C]l.bind(tx, tvm.te.thread_axis("threadIdx.x"))
fadd = tvm.build(s, [A, B, C], target)
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Auto Tuning in Al

221X, Parameterization

F AR Cost Model
¥ZREX Search Algorithm
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Auto Tuning in Al

221X, Parameterization

F AR Cost Model
¥ZREX Search Algorithm
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Auto Tuning in Al
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Ansor : Generating High-Performance Tensor Programs for Deep Learning

Deep Learning Models

47 Partitioned subgraphs

%
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Section 6
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Example Input 1: Generated sketch 1 Sampled program 1

for i.0 in range(TILE_I0):
for j.0 in range(TILE_JO):
for i.1 in range(TILE_Il):
for j.1 in range(TILE_J1):
for k.0 in range(TILE_KO):
for i.2 in range(TILE_I2):
for j.2 in range(TILE_J2):
for k.1 in range(TILE_Il):
for i i.n range(512): * for i.3 in range(TILE_I3):
for j in range(512): for j.3 in range(TILE_J3):
for k in range(512): Cl.v.] += A[...] * B[...]
C[i, j] += A[i, k] * B[k, J] for i.4 in range(TILE_I2 * TILE_I3):
for i in range(512): for j.4 in range(TILE_J2 * TILE_J3):
for j in range(512): D[...] = max(C[...], 0.0)
D[i, j] = max(C[i, j], 0.0)

* The mathmetical expression:
Clijl = ). Alik] x Bk, j]
x
D[i,j] = max(C[i, ], 0.0)
where 0 <i,j,k <512

* The corresponding naive program:

* The corresponding DAG:

o, D Generated sketch 2

B — for i in range(8):
for k in range(512):
C[i, j] = max(A[i,k], 0.0) if k<400 else 0

Example Input 2: for i.0 in range(TILE_IO0):

* The mathmetical expression: f°:°3‘g ;"i:a:?];:fﬁ;‘;o;;)'
B[i,l]= mHX_(A[l.l]-O-O) for j.1 in range(TILE J1):
Clik] = {B[‘- k], k < 400 for k.0 in range(TILE_KO):
0, k = 400 for i.2 in range(TILE_I2):
n " for j.2 in range(TILE_J2):
ElLj] = ZC[l,k] X DIk, j] for k.1 in range(TILE Il):
B for i.3 in range(TILE_I3):
for j.3 in range(TILE_J3):
E.cache[...] += C[...] * D[...]
for i.4 in range(TILE_I2 * TILE_I3):
for j.4 in range(TILE J2 * TILE J3):
E[...] = E.cache[...]

where 0<i<8 0<j<4 =)
0<k<512,0<1<400

* The corresponding naive program:
for i in range(8):
for 1 in range(400):
B[i, 1] = max(A[i, 1], 0.0)
for i in range(8):
for k in range(512):
C[i, k] = B[i, k] if k < 400 else 0
for i in range(8):
for j in range(4): for i in range(8):
for k in range(512): for j in range(4):
E[i, j] += C[i, k] * D[k, j] * for k_o in range(TILE_KO0):
for k_i in range(TILE_KI):
E.rf[...] += C[...] * D[...]
for i in range(8):
for j in range(4):
”.E for k_i in range(TILE_KI):
D E[...] += E.rf[...]

for i in range(8):
for k in range(512):
C(i, k] = max(A[i, k], 0.0) if k < 400 else 0

* The corresponding DAG:

A—B 0,

parallel i.0@€j.0@i.1@j.1 in range(256):
for k.0 in range(32):
for i.2 in range(16):
unroll k.1 in range(16):
* unroll i.3 in range(4):
vectorize j.3 in range(16):
Cl...] += A[...] * B[...]
for i.4 in range(64):
vectorize j.4 in range(16):
D[...] = max(C[...], 0.0)

Sampled program 2

» parallel i.2 in range(16):
for j.2 in range(128):
for k.1 in range(512):
for i.3 in range(32):
vectorize j.3 in range(4):
Cle--] += A[...] * B[...]
parallel i.4 in range(512):
for j.4 in range(512):
D[...] = max(C[...], 0.0)

Sampled program 3

parallel i.0 in range(8):
for k in range(512):
C[i, j] = max(A[i, k], 0.0)
if k < 400 else 0
for k.0 in range(512):
vectorize j.3 in range(4):
E.cache[...] += C[...] * D[...]
vectorize j.4 in range(4):
E[...] = E.cache[...]

Generated sketch 3

Sampled program 4

parallel i in range(8):
for k in range(512):
Cli, kK] = ...
for j in range(4):
* unroll k_o in range(32):
vectorized k_i in range(16):
E.rf{...] += C[...] * D[...]
parallel i in range(8):
for j in range(4):
unroll k_i in range(16):
E[...] += E.rf[...]
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o Loop Optimizations: how does the compiler do it? https://johnysswlab.com/loop-optimizations-how-does-the-compiler-do-it/

o Loop Optimizations: taking matters into your hands https://johnysswlab.com/loop-optimizations-taking-matters-into-your-hands/

o Understanding Latency Hiding on GPUs - UC Berkeley EECS. https://www?2.eecs.berkeley.edu/Pubs/TechRpts/20 | 6/EECS-2016-143.pdf

e Reinforcement Learning and Adaptive Sampling for Optimized DNN Compilation, https://arxiv.org/abs/1905.12799
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