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Direct Convolution

* Atomic/basic operation (not the one in CA)
* One clock cycle

* 16-bit INT data

T 7 ZZAA
“}/ T T T

AA
A K12 |nput weight kernel

K15

CDMA

>

CBUF CSC

A4

CMAC > CACC

A\ 4

Partial sums

(32 bytes) ///

ZA %’k/* a’&{f] L -\




Direct Convolution (Cont'd)

. . CDMA > CBUF > (SC 3| CMAC > CACC
* Stripe operation
* 16 clock cycles
* Weight-stationary
Partial sums

(32 bytes)

Ad qu'J Input data cube
A
A A
A
l‘l
K12 Input weight kernel K15
N == S "P Eiunmm'- l'!'e‘. i 1) ---——”‘-l %’kﬁ‘ a"& P] 1w 1




Direct Convolution (Cont'd)

. CDMA > CBUF > (CSC 3| CMAC [—> CACC
* Block operation
* 16 * 9 clock cycles
* Weight-stationary
Partial sums

(32 bytes)

K15

K14 |nput weight kernel



Direct Convolution (Cont'd)

* Channel operation
* 16 9 * 2 clock cycles
* Weight-stationary

sk

CDMA

—>{ CBUF = (CSC

> CMAC

> CACC

Outputs (32 bytes)




Direct Convolution — Weight Layout

| ko_oo | K100 |« | K14_00 | k1500 | K001 [ K1 D1 |[eeee | K14 08 | k1508 | K009 | K109 | [ k1417 | K517 |

Low remory address High mermary address

K14 Input weight kernel K15 Weight mapping in memory



Direct Convolution Output Sequence

32 bytes
Al
low memory .

address 0
1
2
3
4
5
— ;
7

44

45

46

high memory 47

address

Memory Mapping



Winograd Convolution

* Winograd recap.

(1 0 -1 0] —
T _ |10 1 1 0 4 C T ]
B = O -1 1 o0 " T 1
0o 1 0 -1
—>
r 3
1 0 0 g
105 05 0.5
G=1los —05 05 3 (GgG™)
0 0 1 |
Y = AT[(GgGT) ® (BTdB)]A Fit the 64 MAC units
!
r_[1 1 I 0 Computed
A" = 0 1 -1 —1] b

offline



Winograd Convolution (Cont'd)

* Winograd mapping to NVDLA

(1 0 -1 0]
r |0 1 1 0
. 0 -1 1 0
o 1 0 -1
1 0 0]
c=|05 05 05
0.5 —0.5 0.5
|0 0 1
r 1 1 1 0
A" = 0 1 -1 —1]

(BTdB) with
extra adders

____________

e
/////
4 4

4
//////
4 Ve 4

--------------

"""""""""""
4

1 1 1 ,
L L _L__1__}

(GgG")




Winograd Convolution (Cont'd)

* Winograd mapping to NVDLA

(BTdB) with .
extra adders Accumulate 48 additions 16 additions 8 additions

T T 1 . . .
T T v =4"](Gg6") @ (B"dB)]4
s T T 1 L H = .

’ ’ Y ’ 1
. . ’ , A
V4 V2 ’ ’ | —
////// |
7 v 7’ ’ 7 — —
4 4 7’ 7 4 ]
Ve 7/ / ’ Ve A
f -
1 1 1 // ’
1 1 1 , )i
1 1 1 , ,
’
1
1

i (GgG™)

L _L__L__V

11 101
0 1 -1 -1




Winograd Convolution (Cont'd)

* Atomic operation

(GgG")
T T T — weights
H | .y
H > MAC_CELLO
I Al A Y/ . T F
A T 1] (BTdB) with
// // ,/ ,/ A __' )
A ////j | | | | | | | | _— extra adderS e, N MAC_ CELL1
RS ain B > O |
I N e
1 1 1 ! //’ —1 [ ™ [
L__:___:___:___L/ /,O - % E
Lo 2 — L - o)
l.__x.__n.__x.__.lb' — MAC CELL 14
: : : :/ 1 L T —T— -
A I I M —
-
L N MAC CELL 15
-
b-l pipelined status I——I-




Winograd Convolution (Cont'd)

Input Width

A

|

convolution :

buffer |

boundary |

|

Input Lo b——d v | » | ¥ | ¥ | ¥ |
Height

Trace of 4x4
matrix center

‘ first 4x4 matrix for second 4x4 matrix third 4x4 matrix for forth 4x4 matrix for fifth 4x4 matrix for
i ‘ stripe operation far stripe ocperation stripe operation stripe operation stripe operation

A A —— apin — Data sequence for PRA - 3 %’kﬁ a‘v&{t ‘;f(_ f-




Winograd Convolution (Cont'd)

* For kernels with stride larger than 1

[~ 1

vertical | | | convolution
stride=27 | | stride window

=5 e — —|
A
-

C =64 bytes /f._ L harizontal stride = 2
g EIF FURF ST
o172 73 74 C =256 bytes

-~

W

pd

=4l

o |1]2|3]a]| A3

s|el7|8lo f
H=5<|10 |11 |12 |13 |14 [1 |::>

15 |16 |17 | 18 | 19

- ZEro
iy

0 (2122|2324 ¥ 16bytes H=3
kI | | T 32bytes

(N [

o

Bbytes

After conversion:

A 5x5x48Bbyt weight kernel After channel extension:
convolution stride is 2 a 3x3x256Byte weight kernel a dxndx256Byte weight kernel

------ | k14_0g | K15 08 | Ko 09 | K1_09 || K14_31 | K15_31 |

KO_00 | k1_00 | ------
High memory address

Low memory address



Input Image Convolution

0 1 2 3 4 5 6 m =
8 9 = =
64 elements (128 bytes)
P A
f
Left Left Left Pixel 0 | Pixel 0 | Pixel 0 | Pixel 1 | Pixel 1 | Pixel 1 Pixel_19 | Pixel_19 | Pixel_19 |Pixel_20
Padding | Padding | Padding ¥ u v Y U v | ¥ U v ¥
Pixel Y | PixelU | Pixel v
l LSB MSB
s . Right Right Right
Pixel_20 | Pixel_20 | Pixel_21 | Pixel_21 | Pixel_21 Pixel_39 | Pixel_39 | Pixel_39 Append | Append
------ Padding | Padding | Padding
u " ¥ u v ¥ u v 0 0
PixelY | PixelU | PixelV

One line of 40 pixels mapped to convolution buffer
padding = 1; channel = 3;

Convolution buffer entry 0

Convolution buffer entry 1

JS2

weights
|
feature | PLC_CE LLO
AT h_
-
MAC CELL1
N -
MAC CELL 14
_.-"n_h.
MAC_CELL 15
—

F-I pipelined status

JIOYD




Weight Extension

* Weight channel pre-extension

JIYD

IIIIIIIIIIIIIIII_ |I|I|I|I|I_ welghi
o[ 1] 2fsfa]s]e[7H] | feature MAC CELLO
8 9 1. 1 - A .
—-
MAC_CELL 1
-
O
wn
(.
—-
MAC_CELL 14
_l!'\_..
—-
MAC_CELL 15
—-
» pipelined status

A

A 5x5x3 weight kernel for int16/fpl6
After channel extension:

A 1x5x15 weight kernel for intle/fple



Weight Extension (Cont'd)

* Weight channel post-extension (1/2/4-line)

K14 K15

ko oo | koo3 | koo | k103 |-eee | k1500 | k1503 | k001 | k004 |- | k1502 | k1505 | k006 | K106 |- | k14 08 | Kk15_08

Low memory address

A weight channel post-extension
Ad parameter =2




MLP Support

* MLP can be considered as a special convolution

J0YD

weights
C channels | MAC CELLO
i h_
e MAC_CELL 1
C’ channels . -
(]
Ly
(]
é ™| MAC_CcELL12
_v"\_b.
C' kernels > .
MAC_CELL 15
—
h-l pipelined status I——I-




MLP Support (Cont'd)

* Batch operation can improve utilization & data reuse

Cch%
%C’ kernels >

C’ channels

> N-batch

JSD

weights
-
feature M AC_[E LLO
AT h_
-
MAC CELL1
—
MAC CELL 14
_.-"\_b.
_—-
MAC CELL 15
SE—

D-l pipelined status I——I-

J0YD




Multi-

Batch for Convolution

W
(_g\
H
1
C

Batchl

K14 K15

Batchld Batchls
Input weight kernel

Input data cubes
Cross
Multlply
KO_00

.]‘d@>
'\}//‘
! {

1 BatchD

stripe
operation
Batch 14_Batch 15

Batch 0 Batch 1
Cross
stripe MU'“P'Y
aperation

AN

K1_00 K14_00 K15_00

A channel
operation
KO 01 K1 01 K14 01 K15 01
BatchO Batch 1 Batch 14 Batch 15
Cross
stripe MU'“P'\"
operation
Ko_17 K1_17 K14_17 K15_17 —

Batch 0  Batch 1 Batch 14 Batch 15




Convolution Buffer

* 16 32KB Banks, each bank has 2
512-bit wide 256-entry 2-port
SRAMSs

* Circular buffer

WIMaD

Crossbar
’ Bank O .
feature — - R :
[pixel - - feature
5‘ ] Bank 2 > :
ata . - [pixel
L - Bank 3 -
2%64 Port - =13 data
BYtES _1 Bank & - 128—-
_I Bank 5 - Bytes
_1 Bank & -
_;I"'-' Bank 7 I-/
_i Bank 8 h-\
_I Bank 9 -
- Bank 10 -
Weight Bt -
) — Bank 11 >
fWCB weight | | | gl .__r_E weight
64 Fort _1 Bank 12 - 128——
Bytes L
vt _": Bank 13 - Bytes
- Bank 14 -
Bt >/ |wes
Ly Bank 15 - -

50




Convolution Sequence Control

* Data package: stripe/channel size, position
relative to weight as offset

* Weight package: size of weight

* Data loader also performs pre-additions for
Winograd

* Weight sequentially loaded to CMAC

7

buffer

sLatus

S

I~
CSC DL
g feature V] - feature
- data A
-
| CSC_WL
WmMB weight
weight )
data data weight weight
= load release load release
o package ¥ package
=
™ [ CSC_S5G

IYIND




Convolution MAC

* Divided into two groups that can be
configured differently

* Using pipeline
* Multiply using booth-encoding
* Adder tree with carry-save adders

* Output multiple values under only Winograd
mode

JSD

weigh
me MAC_CELL O

I MAC CELL1
> aenams amnaan

MAC_CELL 14

MAC_CELL 15

F-I pipelined status I——P—

JIOYD




Convolution Accumulator

* 64 48-bit adders as an adder array * INT32 after truncation
* Activates adder 0~15 for INT16 direct convolution * Qutput 32 elements per
cycle

————— = e S
r r
| assem bhy SRAM group I delivery SRAM group
I |
- l L
checker |<',:I _____________
5
36832 SRAM | —E'J_\K 64Bx32 SRAM :FD\
96Bx32 SRAM . ™ 64Bx32 SRAM [
partia> 2 96Bx32 SRAM c W 654Bx32 SRAM [
sums | @ 968x32 SRAM g | (K[ Sz shAM ==p
L— mux
2 3 54Bx32 SRAM & 64Bx32 SRAM H> 5
= 2 II w EK TV feature 2
A 64Bx32 SRAM il z T 64Bx32 SRAM [ output
648x32 SRAM m 64Bx32 SRAM |
648x32 SRAM % i 64Bx32 SRAM il:',}/
accumulative sums
VC cirl
- valid-credit controller CACC




Single Point Data Processor (SDP)

Headless MVDLA core

Add bias

B B — Configuratien interface block

........

Activation function (piece-wise linear interpolation)

» Convolution buffer - » Convolution core

* Batch norm. “ | Activation engine (SDP)
 Data format converter. - » Poaling engine (PDP)
intenlrl:’gglogock -
* (Can choose data source by a control register - > Local resp. nomn (CDP)
A - + Reshape (RUBIK)

- " Bridge DMA



SDP (Cont'd)

432..i33®i45»®i5ﬁ15— —i16o’i1?>®i32—®—i32ﬁ- FD"'“&W nvertor .

PDP

: Elmt. add/multi.
Bias addition, BN

Elmt. add/multi.

M-ROMA B-ROMA ¥ < E-RDMA ) Non-linear (woua
s _out on_m_ont v ew_oit ﬁ J

)
‘g RelLU

( M CIF/SRAMIF




Planar Data Processor (PDP)

* Pooling layers (min/max/average)

I:I Logic block
I:I Control path block
Buffering block

Y
Controller
A -
¥ v

Pre-processing

CSB Master
Controller RDMA
Single Data | 54bits
Processing v
5126s | ,1 | Read DMA Buffer
512 bits N
Read DMA
SRAMIF | | | V—m—————————————
v
|| [ 512,bits Write DMA
MCIF 512 bits Buffer <
Write DMA

Planar Data Processing

Pos-processing

F 3

Share Line Buffer

D8R interfaca

Memory
interface block

Headless NVDLA core

Configurafion interface block

» Convolution buffer

Convolution core

¥

= Activation engine (SDPF)

Pooling engine (PDP)

T

» Local resp. norm (CDP)

Reshape (RUBIK)

Bridge DMA



Pipeline of NVDLA Core

* Different processors can be combined for different types of layers

Pipeline Working Mode

Convolution pipeline

Convolution & pooling pipeline

Offline SDP pipeline

Offline PDP pipeline

Sub Units

CDMA, CBUF, CSC, CMAC,
CACC, SDP

CDMA, CBUF, CSC, CMAC,
CACC, SDP, PDP

SDP

PDP

Interface

MCIF/SRAMIF

MCIF/SRAMIF

MCIF/SRAMIF

MCIF/SRAMIF

Support Layers
direct convolution, Winograd,
Image input layer, element-wise
layer, batch-normaliza tion,
activation (relu, prelu, sigmoid,
etc.) layer
direct convolution + pooling
layer

(multi-batch mode is not
supported)

activation layer, element-wise
layer, batch-normaliza tion
layer, format conversion layer,
comparison layer

Pooling layer



Control of NVDLA

* CSB ping-pong registers

CPU

)

\s

| Microcontroller

A

IRQ

SRAMIF

NVDLA

~
\
-9

CSB

DBBIF

\ SRAM

External
DRAM

CSB master

-

7

Register file

—

conv_enable conv_enable | —Drocucer
l pointer
Duplicated Duplicated Single
Register Register Register
Group 0 Group 1 Group
consumer
* * | pointer
mux
\
register dpZreg dpne
fields

CPU/master set;
NVDLA reset;



Control of NVDLA

* CSB ping-pong registers

CPU

| Microcontroller

A

IRQ

SRAMIF

NVDLA

~
\

CSB

DBBIF ‘

\ SRAM

!

R

External
DRAM

(Cont'd)

—

CSB master

T

| addr —p»/

— A

mux

Register file

—

ux

i

[

[ producer
_ conv_enable conv_enable ‘ 4 = \

Duplicated Duplicated Single
Register Register Register
Group 0 Group 1 Group

| consumer

* * pointer

mux
register dpZreg dpne
fields

CPU set pointers



Control of NVDLA

* CSB ping-pong registers

I CPU

| Microcontroller

II%Q ‘ | CéB
NVDLA
SRAMIF DBBIF

\ SRAM

External
DRAM

(Cont'd)

conv_ena

CSB master

|_éd-;ir + mux

5 1

Register file

conv_
|

Duplicated Duplicated
Register Register
Group 0 Group 1

v

mux

Y T vflv

producer
pointer

Single
Register
Group

Status Reg. GO
(busy or idle)

Status Reg. G1
(busy or idle)

register
fields

dpZreg dpne




Control of NVDLA (Cont'd)

* CSB ping-pong registers

I CPU K * CSB master

_* T Register file

| _add_r_—hn mux

Microcontroller

- e Y T *tm | Y

External 1 | conv_enable conv_e producer

DRAM borte! Status Reg. GO

_ Dupilicated Dumlmterd Singlar (busy or |d|e)
NVDLA Config. &ass i
cgnsumer

| ointer Status Reg. G1

| . «
SRAMIF DBBIF ‘ * * A (busy or idle) Check
~ B mux

‘ /| register dp2reg dpne
\ SRAM fields




Control of NVDLA (Cont'd)

* CSB ping-pong registers

I CPU

| Microcontroller

IF%Q ‘ | CéB
NVDLA
SRAMIF DBBIF

\ SRAM

External
DRAM

CSB master

Register file

Status Reg. GO
(busy or idle)

<—— Done, set

Status Reg. G1
(busy or idle)

y mux
O conv_enable - I conv_enable 1

Duplicated Duplicated Single

Register Register Register

Group 0 Group 1 Group

mux

register dpZreg dpne
fields




Control of NVDLA (Cont'd)

* CSB ping-pong registers

CPU

| Microcontroller

A

IRQ

SRAMIF

NVDLA

~
\
-9
‘

CSB

DBBIF ‘

\ SRAM

!

R

External
DRAM

0

CSB master

Register file

conv_enable
1

Duplicated
Register
Group 0

v; T vf

conv_enable 1

Duplicated | 4

Register
Group 1

.

mux

ol

v

producer
pointer

Single
Register
Group

Status Reg. GO
(busy or idle)

<—— Check

Status Reg. G1

(busy or idle)

register
fields

dpZreg dpne

Check



System Tuning

Example Area and Performance with NVDLA

4 MACs oV buffer size  SDRAM bandwidth Silicon Cell Area  Silicon Cell Area  Int8 ResNet-50 Power Estimate

Peak/A W,
(KB) (GB/s) (mm*2, 28nm) (mm*2, 16nm) (frames/sec]) 1::% verage [m
2048 512 20 5.5 3.3 269 766 [ 291
1024 256 15 3.0 1.8 153 375/ 143
512 256 10 2.3 1.4 93 210/ 80
256 256 5 1.7 1.0 46 135/ 48
128 256 2 1.4 0.84 20 82 /31
b4 128 1 0.91 0.55 7.3 55/ 21
A 32 128 0.5 0.85 0.51 3.6 45 /17
Ad
A
A A
A
AA
A

A A== =l N — - ' 7] Jz K
A %rf——:_‘_mc_‘[l e e i i 1 ) 7.2 %’Qﬁ‘ a"&{F] EA

i D




Software Stack

Caffe model Compiler o
params. > Application
_— _—
! ! User mode driver
Parser » Compiler -
Kernel mode driver
Loadable NVDLA
hardware

More at https://nvdla.org/sw/contents.html



Read More

* Read more on NVIDIA Deep Learning Accelerator



https://nvdla.org/

Multi-Core NN Accelerators

* Single core DPL design

Controller

Instru. Fetch

Instru. Decode

\ 4

A

A 4

y

Reorder

Buffer

Fetch
Decode

Uy Compute/ALU
DMA
NRAM |« » Vector Unit
:
WRAM |« » Matrix Unit

2l

2

=
o
7
e

=

3
=

Y

>

* Scalar datapath for general purpose computing
* Added AGU/VFU/MFU for tensor operations



Single-Core NN Accelerators

* Single core DPL design

Controller

Instru. Fetch

Instru. Decode

\ 4

Memory

A

DMA

\ 4

y

NRAM

Compute/ALU

A

WRAM

A\ 4

Vector Unit

v

A

A\ 4

Matrix Unit

Instruction Hit Instruction Inst !
Cache Queue !
|
|
Miss : l
Instruction !
Cache :
|
|
|
__________________________________________________ I I
Inst Request
DRAM

Address
Generator

Unit

PC

__________

RPN SSp GEE |

IFU: Issue either DMA or compute instructions;

* Activation; DRAM -> NRAM -> VFU ->
(MFU -> VFU ->) NRAM -> DRAM

* Weights: DRAM -> WRAM -> MFU



Multl-Issue

* Single core DPL design

Controller
Instru. Fetch

Instru. Decode

|
i |
| |
' |
| ) Control Inst ALU |
| Issue Queue |
I |
\ 4 v r 7777777 ]I I l
" IFU l_i_, esades , Compute Inst i
Memor ~N ! Issue Queue |
Y Compute/ALU | |
< > DMA ! Memory Access Inst :
i IDU — Issue Queue i
A ——— |
B » NRAM [« » Vector Unit
3 SYNC
» WRAM [« » Matrix Unit




Vector Unit

* Single core DPL design

Controller

Instru. Fetch

Instru. Decode

Multi-stage vector unit pipeline

\ 4

A

\ 4

y

ey Compute/ALU
DMA
NRAM [« » Vector Unit
$
WRAM |« » Matrix Unit

LUT1 LUT2 Mi"l MUL2
stg 1 stg 2 stg 3 stg4 >
v
A
stg 8 stqg 7 stg 6 stgb [
Vv evT2 Vv evT Vv ADD2 V' ADDI
Avg. pooling
ADD1




Matrix Unit

* Single core DPL design

A o o e e e e e e e . ——_— — — —— — ———

Controller

Instru. Fetch

Instru. Decode

\ 4

A

\ 4

y

ey Compute/ALU
DMA
NRAM [« » Vector Unit
$
WRAM [« » Matrix Unit

MFU
PE PE PE PE
PE PE FE PE
PE PE PE PE
PE PE PE PE




Data Exchange (Multi-Core)

Broadcast bus can multicast/unicast

DLP-S0

w_req w data

DLP-S0

r req r_data

Yy v

broadcast bus

|
1 ats
write req | l w_data

SMEM

MEMCORE

v

broadcast bus

|

1 .
read req 1 ‘ r_data

i

SMEM

MEMCORE

DLP-S0 DLP-S1 DLP-S2 DLP-S3
m_req | m_data | m_data | m_data | m_data
, J
broadcast bus
1
read req : ‘ m_data
4
SMEM
MEMCORE




Multi-Core Network Topology

* Hierarchical topology (GPU-like), reduce NoC workload
* NoC (topology) vs. Data bus

e Communication: between DLP-S/DLP-C

* Memory access

J2||0JLU0) Adowa\y

Network-on-Chip (NoC)

Communication interface

L L 2 L ] B

T T omésh 0 Trohus T

i Ri ng ° ® . . FE T

| | r

X\‘\—o// Ay ° * h’l/__‘_‘_\*‘:Q:—-L
: s | DLP-S i
i ) : N Broadcast ) : ) i
: ) : bus | !
| | 4 | |
| ! Shared : :
i ! memory : :
| : ' 4 i :
: DLP-S i GDMA CDMA | DLP-S i

DRAM DLP-C




Communication Between DLP-C
* Cluster DMA, big difference with GPU

____________________________________________________________________

i s | DLP-S |, i oLes | DLP-S i
i ', Broadcast | . = i ! Broadcast | ' = !
! ! bus | ! . ! bus ! !
| | ¢ | | | | ! | |
! ! Shared | : ! ! Shared | :
! : memory | : ! | memory : :
S S S P
i DLP-S i GDMA CDMA .| bLP-s || i DLP-S i CDMA GDMA .| bLP-s ||

DRAM Master Slave DRAM

data_access_instru. contains dest_cluster_number, src_address, dest_address, data_size



Working Example

* Convolutional neural network as an example

J2||0JLU0) Adowa\y

GBC

Communication interface

_________________________________ ‘I/:-_______________________________:
oLp-s oipes || ! Controller |
oo o : L Instru. Fetch :

R Broadcast N :
N bus B ! i ! Instru. Decode !

| } i o |

! Shared : L :

! memory : L ! ! I

: $ v ! o M :

i | 1 ) 1 : A :
DLP-S | - ) i DLP-S i | DMA LU |
DRAM DLP-C | »  NRAM Vector Unit |

| WRAM Matrix Unit || |




Synchronize via Barrier

e Barrier instruction

DLP-S0

Barrier

Barrier_ID

Task_ID

Sync_count

DMA, Write DRAM 0

DLP-S1

J2]|0J4U0) Auowa\y

Network-on-Chip (NoC)

:

Communication interface

BARRIER, Barrier ID=0, Task ID=0,Sync_Count=2

Conv

1

BARRIER, Barrier ID=0, Task ID=0,Sync Count=2

l

Wait for DLP-S0
Barrier, barrier_id = 0, task_id = 0, sync_count = 2

BARRIER, Barrier_ID=1, Task_ID=0,Sync_Count=2

Wait for DLP-S1
Barrier, barrier_id = 1, task_id = 0, sync_count = 2

DMA, Read DRAM 0

Conv

DMA, Write DRAM 1

|

l

BARRIER, Barrier ID=1, Task ID=0,Sync_Count=2

DMA, Read DRAM 1

I

v

Conv




Programming Language

* Motivations
* Bridging the gap (programming language/hardware)

Conv. in C Conv. in Pytorch, with Conv2d/tensor data type

for (n=0; n<N; n++) { .
for (k=0; k<K; k++) { for each output activation self.conv2 = nn.Conv2d(6, 16, 5, bias=False)
for (p=0; p<P; p++) |
for (g=0; g<Q; gt++) {

OA[n] [k] [p]l[gl= 0; ) o .
for (r=0; r<R; r++) | o 4k * 4k Matrix multiplication
for (s=0; s<S; s++) { convolution window
fo; (c:Oi C<C{dc++) {d 70000 100.00%
= st - + r; : -
P croe T pe N £0000 Performance=O= Acceleration ratio 62806
w =g * stride - pad + s; 00X 80.00%
OA[n] [k] [p] [q] += 50000
IA[n] [c] [h] [w] 0
* Wik][e][r] (s]: 40000 60.00%
} 30000 40.00%
I 20000
} 20.00%
OA[n] [k] [p]l[gl= Activation(OA[n] [k][pllgl): 10000 | .
} 0 o 0.00%
} Python JAVA C Parallelism Wectorization AVX
} Intrimsics



Bang-C Language by Cambricon

* Hardware abstraction |
* Memory L.

- Control unit . /|- . -

* Compute unit

Network-on-Chip (NoC) Control _,_I(_Zgn_ ol
) b
&|Function ST
3 : S
ot t 4 |
Zl I ko |

* Kernel abstraction
* Data movement (optimize for scratchpad memory)

J2]|0J41U0) Auowa\y

e Control, improve ILP

* Compute (scalar/vector/matrix)
* Different data type (int4/int8/fp16, etc.)

Communication interface

§.|L ﬂrw\_ﬁ m -—- * K’r U&Qr\l ?”“‘ E




Bang-C Language (Cont'd)

* Provide programming interface to the programmers * Optimize memory access
* Optimize dataflow (data movement and compute parallelly) * Synchronization
 clusterDim, clusterId, coreDim, coreld * __sync_cluster

o taskDim[XYZ], taskId[XYZ] » __sync_all

« Block/Union1/Union2/Union4

__vec_add(float* out, float *inl, float* in2, int size)

__vec_sub(float* out, float *inl, float* in2, int size)

__vec_mul(float™* out, float *inl, float* in2, int size)

__conv(half* out, int8* in, int8* weight, half bias, int ci, int hi, int wi, int co, int kh,
int kw, int sh, int sw)

__mlp(half* out, int8* in, int8* weight, half* bias, int ci, int co)

__maxpool(half* out, half* in, int ci, int hi, int wi, int kh, int kw, int sh, int sw)




