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for (m in [©, M), step 1) {
l\/l t . 'I: . I\/l ‘t ‘ t for (n in [@, N), step 1) {
— C[m][n] = ©;
atrix-matrix Multiplication | amtm -e” & " -
\ C[m][n] += A[m][k] * B[k][n];
}

C A }

.......................................................................................




How To Optimize Gemm

OLD = MMultO, NEW = MMult-4x4-15

= e Compute 1x4/4x4 — reuse data
* Use register rather than cache
8 | * Unroll (with a factor)
* VVector load/store/arithmetic
* Use pointer to address matrix*
| * Indirect addressing”
* Block matrix (large)
* Pack into contiguous memory

cite: https://github.com/flame/how-to-optimize-gemm/wiki * Address later in QNNPACK conv



for (m in [@, M), step 1) {
for (n in [@, N), step 4) {

Compute 1x4 Result (split, unrgitya - »

C[m][h+2]

C[m][n+3]

for (k in [@, K), step 1) {

c: /\ C[m][n+0] += A[m][k] * B[k][n+0@];
C[m][n+1] += A[m][k] * B[k][n+1];

EEEEREEE EEEEEEREER C[m][n+2] +9RA[m][k] * B[k][n+2];

e I o C[m][n+3] +="A[m][k] * B[k][n+3];
e EEERREES A }
}
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NENENN | " [ for (m]in [0, M), step 1) f
--------------- 0 e e i T, - oL

I P H P [m][n+@...3] _ @; N
fon (k in [0, K), step 1) {

N K ) C[m][n+0...3] += A[m][k] * B[k][n+0...3];




Compute 4x4 Result (tile, unroll)

for (m in [0, M), step 4) {
for (n in [@, N), step 4) {
C[m+0A..3][n+0...3] = 0;
C for %in [0, K), step 1) {
- Clm+0.. . 31fnt0...3] += A[m+e.. B][k] * B[k][n+0...3];
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(4xd)x(4x4) reduction of 4x4 output

for (m in [©, M), step 4) {
for (n in [0, N), step 4) {
C[m+0...3][n+0...3] = 0;
(: /\ for (k in [0@, K), step 4) {
- T ; T €fm+0...3][n+0...3] +=pA[m+0...3][k+0...3] *
T [k+0...3][n+0...3];




(4x4)x(4x4) Vec

or load/sto

re/arithmetic

// Co

co[o]
co[o]
co[o]
co[o]

co[1]
co[1]
co[1]
co[1]

co[2]
co[2]
co[2]
co[2]

Co[3]
Co[3]
Co[3]
Co[3]

i

+ + + +

+ + + +

+ + + +

+ + + +

n

detail

AO[0]
AG[1]
AB[2]
AO[3]

* ¥ %X ¥

AO[0]
AG[1]
AB[2]
AO[3]

* ¥ %X ¥

AO[0]
AG[1]
AB[2]
AO[3]

* ¥ %X ¥

AO[0]
AG[1]
AB[2]
AO[3]

* ¥ %X ¥

BO[O]
B1[0]
B2[0]
B3[0]

BO[1]
B1[1]
B2[1]
B3[1]

BO[2]
B1[2]
B2[2]
B3[2]

BO[3]
B1[3]
B2[3]
B3[3]

// Co

co[o]
co[1]
co[2]
Co[3]

co[o]
co[1]
co[2]
Co[3]

co[o]
co[1]
co[2]
Co[3]

co[o]
co[1]
co[2]
Co[3]

scheduled

+= AQ[0O]
+= AQ[0O]
+= AQ[0O]
+= AQ[0O]

* ¥ X ¥

+= AQ[1]
+= AQ[1]
+= AQ[1]
+= AQ[1]

* ¥ X ¥

+= AQ[2]
+= AQ[2]
+= AQ[2]
+= AQ[2]

* ¥ X ¥

+= AQ[3]
+= AQ[3]
+= AQ[3]
+= AQ[3]

* ¥ %X ¥

BO[0]
BO[1]
BO[2]
BO[3]

B1[O]
B1[1]
B1[2]
B1[3]

B2[0]
B2[1]
B2[2]
B2[3]

B3[0]
B3[1]
B3[2]
B3[3]

// (4x4)*(4x4)

Load CO-C3

Load AO-A3

Load BO

Co += AQ[O] * Bo
Cl += Al[@0] * Bo
C2 += A2[0] * BO
C3 += A3[0Q] * Bo
Load B1

Co += AQ[1l] * Bl
Cl += A1[1] * B1
C2 += A2[1] * B1
C3 += A3[1] * B1
Load B3

CO += AQ[3] * B3
Cl += A1[3] * B3
C2 += A2[3] * B3
C3 += A3[3] * B3
Store (CO-C3




Pack into Contiguous Memory
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GEMM QONNPACK Pointwise
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QONNPACK: Matrix-matrix Multipgication

C A
B
A
M — X X
| CI.
N
K

cite: https://code.fb.com/ml-applications/gnnpack/




ONNPACK: Compute Along Reduction

Load C
Load A, B
C+=A=*B
Store C

Load C
Load A, B
C+=A=*B
Store C

Load C
Load A, B
C+=A=*B
Store C

Traditional implementation

QNNPACK implementation

Load C

Load A, B
C+=A=*B

Load A, B
C+=A=+*B

Load A, B
C+=A=*B

Store C




Traditional implementation

ONNPACK: No Input Repacking

PDOT microkernel

Large K
requires
repacking

QNNPACK implementation

Small K
can fit in
L1 cache



GEMM QNNPACK Pointwise
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Convolution as Matrix Multiplication (im2col)

feature vector: CxKxK
More feature vectors...

Image: CxHxXW Image: CxHXW
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: Image: CxHxW Feature Matrix: (HXW) x (CxKxK)
. G )
e s S
Image: CxHxW Feature Matrix: (HxW) x (CxKxK) .. .
Filters: CouxCxKxK Filter Matrix: Cout X (CxKxK)

Cite: https://www.zhihu.com/question/28385679/answer/44297845



1x1 Conv eqguals Matrix Multiplication (NCHw)

C output A filter

oC ] ICHKHAKW

B input

K

H*W

N K
H*W |CxKH*KW



Memory Access Pattern: NCHW

Inside: X
Outside: X

Inside: X _ _ Inside: v
Qutside: ? Outside: v/

il

N K
H*W |C*KH*KW

K
|C+KH+KW



Memory Access Pattern: NHWC

Inside: X

Outside: ?

Inside: X
Outside: v/

>

Very

little

Cache
miss

K
lC*KH*KW

Inside: v
Outside: v/
B filter
o

-

K
|C*KH*KW




Thanks



		2019-04-07T22:49:25+0800
	王振华(Zhenhua WANG)




