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CGRA (Coarse Grain Reconfigurable Array)
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CGRA (Coarse Grain Reconfigurable Array)
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CGRA VS FPGA: Compute Primitive

FPGA: Bit-wise
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https://www.rapidwright.io/docs/FPGA_Architecture.html

Accelerate compute

for (int idx = 0; idx < n; idx++)

{
Von neumann V.
Alidx] = B[idx] * C[idx] + D[idx]: on neumann V.S
Data-flow
CPU GPU CGRA
Instruction Instruction Instruction
(fetch, decode...) (fetch, decode...) (fetch, decode...)
Data Load Data Load Data Load
X=B*C X=B*C | X=B*C | X=B*C X=B*C | X=B*C | X=B*C
Data Store Data Store A=X+D | A=X+D | A=X+D
Instruction Instruction Data Store
(fetch, decode...) (fetch, decode...)
Data Load Data Load
A=X+D A=X+D | A=X+D | A=X+D
Data Store Data Store
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Performance Metric

e Compute efficiency:

Area & Energy
o GOP/s/mm

A
o GOP/s/mw r A

e Resource utilization:

o Spatial
o Temporal
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CGRA Compute

Configuration Memory

!

PE Array Is this Processing Element (PE)
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CGRA Compute

= 0; idx < n; didx++)

Blidx] * C[idx];
Blidx] << C[idx];

UCLA samueli
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CGRA Compute

for ( idx = 0; idx < n; idx++)

i

Alidx] = B[idx] * C[idx] + D[idx];

}
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CGRA Compute

for ( idx = 0; idx < n; didx++)

if (idx % 2 == 0) {X[idx] = B[idx] % C[idx];}
else{ Y[idx] = B[idx] * C[idx]; }

r ( idx = 0; idx < 3n; idx++)

if (idx % 2 == 0) { X[idx] = B[idx] + C[idx]; }
else { Y[idx] = B[idx] << C[idx]; }

Compute

Out

&

Out
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CGRA Compute

ALU PE Multi-Path Expression heterogeneity
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CGRA Route

Configuration Memory

! Is this Route design efficient?
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CGRA Route

Multi-nop Route: communication over distances greater than a
single tile through direct route paths

| ) 4
> B B
il

!
!

> &>
> R

UCLA samueli

Electrical & Computer Engineering



CGRA Route

Decoupled Compute and Route: eliminate PE route-through
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—0
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CGRA Route

Dense Cross-Bar Switch Sparse Cross-Bar Switch
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High-level Language

Configuration Sequence

1220
rat = 1'b0;

UCLA samueli

int MyKernel{}
{

int i[4];

int wi4];

int output = i[0] * w[0];
output += i[1] * w[1];

output += i[2] * w[2];
output += i[3] * w[3];

return output;

Eccnfigln =T 'b|_||_||_||_||_||_||_|.-

wconteolIn =36'bL110100110000100100000000000000000000;

#2

wconfigln =7"'L10OL1100;

:E‘.Cﬂtl’."ClIﬂ =38 'bl:lI:II:II:II:II:II:II:IJ_I:II:II:II:IJ_I:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:II:I"

#2 4
configIn =7'b0101100; ~
:Ccntrclln =36"b00100000000000L000000000000000000000;

#2

Electrical & Computer Engineering

CGRA Compiler
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CADA Tool Flow

Domain Study —— > Design Space Exploration —— > Design Generation
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CADA Design Hierarchy
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Understand CADA Compute Array

ArrayTop 0

clk

rst
dataln[1727:0)
configin[&:0)
controlin[35:0)
gControlin[125:0]

RTL dataOut[143:0]

AmrayTop vi1 0
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Electrical & Computer Engineering



Configuration Programming

ArrayTop 0O

clk
rst

dataln[1727:0]
r ——————————— _rrf'_l E{J_ ~ RTL dataOut[143:0]
configin[6:0] I

gControlin[125:0)

AmayTop v1 0
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Mapping of “3x3 ConvolutionTree”

Spatial
DFG Partition Mapping

UCLA samueli 20
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Configuration of “3x3 ConvolutionTree”

5 unique
Configurations

Soft-map Configuration

UCLA Sarmuel 5 Programming cyc:lg1
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Configuration Sequence

Configuration Testbench (Verilog)

#20

rst = 1'b0; — I "
configln =T 'BOO0ONN0T: 4= CO nfl g uration
controlIn =36"b110100110000100100000000000000000000;

42

configIn =7"'L1011100;

.controlIn =36"bO000O0N01000010000000000000000000000

42

En:n::nfigIn =T7'L0101100;

:E‘.I:I!ltrl:lIﬂ =36"B001000000000001000000000000000000000;

#2

:E-I:ﬂfig'Iﬂ =T7'bO000ao0l

En:n::ntrn::lIn =36"b0O00000000100000000000000111100000000;

42

configIn =7'bO00LOL

controlln =36"bLO0000O00000000C0000L11100000000000000;

UCLA Samueli Position (one-hot)
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Program Broadcast

Configuration Input

T

Stage 1

_—\

Stage 1

[~

Stage 2 Stage 2 Stage 2 Stage 2
PE PE PE PE PE PE PE PE PE PE

Network
> Latency
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Programming Network Latency

4 Stages = 4 cycle latency

A

4

configin[é:0] >

clk [

controlinfgg:0] >

rst [—4

MS_ConfigS3_0
+
Dataln 1J6:0] .
ok Dt Out_1[6:0] MS_ConfigS2 1
= Dataln_1:
A Reg ataln 1[6:0]
ok DiatOut_1[6:0]
MS_EnS3 0 =t
+
Dataln_1[8810] B HA_Rag
o DataOut_1[99:0] MS_EnS2 1
=
rst Dataln_1[35:0] B
HA_Reg  parameterized4d ok DataOut_1[35:0] MS_ConfigS1_6
rst MS_ConfigS0_24
. Dataln_1[E:0]
HA_R eterized3 i
_Reg__paramelerize ok DatOut_1[6:0] Dataln_1j5:0] B
=t ok DateOut_1[6:0]
HA_Reg =
MS_EnS1_6 HA_Reg
MS_EnS0 24
) Dataln_1[3:0]
ok DrataOut_1]2:0] Diataln_1[:0]
=t ok DatOut_1[3:0]
HA_Reg__parameterized0 =

HA_Reg__parameterizedD

dataln[4799:0] >

gControlin[348:0] >

UCLA samueli
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Programming Latency

Total Programming Latency:
5+4=9

5 cycle +

00
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Global 10O Control

ArrayTop_ 0

clk

rst
dataln[1727:0]
configln[6:0]
controlln[35:0]

RTL dataOut[143:0]

ArmrayTop v1 D
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Electrical & Computer Engineering



PE Architecture

Global 10

6x6 PE Array

Ol

UCLA samueli
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PE PE PE PE PE PE
PE PE PE PE PE PE
PE PE PE PE PE PE
PE PE PE PE PE PE
PE PE PE PE PE PE
PE PE PE PE PE PE
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ArrayTop

Input Data IO

0

rst

Data 10 j y
[

dataln[1727:0] ||

configln[6:0]
controlln[35:0]
gControlin[125:0]

RTL dataOut[143:0)

AmrayTop v1 0
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Output Data IO

ArrayTop_0

-clk | Data IO

rst

dataln[1727:0]
. RTL [dataOut(143:0) pm |
configin[6:0]

controlln[35:0]
gContralln[125:0]

a

Other PE

ArrayTop_w1_0

Data 10

Output configuration:

a

Other PE
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Global Output IO Arrangement

6x6 PE Array
= ~\/7 PE output to 10:

4
PE PE PE PE PE PE
9 tiles = 9 output * 16bit = 144 bits
PE PE PE PE PE PE _ _
- A A ) Each tiles use 4-input-MUX=
f'PE PE‘V = | [ pe 4 S 2 configuration bits
Total 18 bits
PE PE/\PE PEJ\PE PE | arrayTop 0
N
P > e N -
<& rst
PE PE PE PE PE PE B .
o P RTL Idmaom[m;ﬂ] - I
m controlin[35:0)
PE PE PE PE PE PE m gControlin[125:0])
/\ /\ _/ . ArrayTop_vi1_0
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6x6 PE Array

Global Input IO Arrangement

PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE

UCLA samueli
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IO to PE inputs:

36 PEs, each PE has 3 inputs
36 * 3 =108 inputs
108 * 16 = 1728 total Input bits

Each input use a 2-input-MUX
108 * 1 bit = 108 configuration bits

ArrayTop_0

clk

- dataln[1727:0)
RTL dataOut[143:0]

configinfg:0
controlin[35:0)
= gControlln[125:0)

AmrayTop_v1_0
31



Global 10O Control

6x6 PE Array

PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE
PE| |PE| |PE| |PE| |PE| | PE

UCLA samueli
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IO Configuration:

18 output configuration +
108 input configuration
=126 IO configuration bits

ArrayTop_0

clk
rst
dataln[1727:0]

, RTL dataOut[143:0)
configln[6:0]

gControlin[125:0)

AmrayTop_v1_0
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Global 10 Mapping

Output: selectedChannel (second tile : [31:16])

Input

#2
assign selectedChannel = datalut[3l:16];
gocont rolIn =126"LOC0O0000C000000000000000000000000000000000001 1010110 00000001 101101101 10000000000000000000000000L10000000000000000000000000000;

AN J\\ J
Y Y

Output Configuration Input Configuration
UCLA samueli 33
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Data In and Out

ArrayTop_ 0O

clk

—p dataln[1727:0] | rTm=-=-=—r-======

e e e e = = — = = RTL|dataOut[143:0] m ————ep
confighh[B:0] @ 0 ! (o e e e e = e = e = = J
contralln[35:0]

gControlin[125:0]

ArmayTop v1 0
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Data Flow Graph (DFG)

Is aregister:

In
1 cycle latency
In In In In
mmmmm |S 2 pipeline register:
1 cycle latency
@ Are combinational circuits:
@ 0 cycle latency
C out > Isawire:
T out 0 cycle latency

___________

UCLA samueli What is the path latency? 35
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In In In In /
/
P I
Partition n

————) |
|
|
|
\

\

PE only supports 1 ‘\

multiplier and 1 adder\\

__________

Out > PE
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I\/Iapplng Path Latency

What is the new path latency?

UCLA samueli gy o 37
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Mapping Input Latency

Do <inl, in2, in3, in4> data
come in at the same time?

What are the input latency for
Inputs?

UCLA samueli
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~ Mapping Input Latency

O el el O

UCLA samueli L Hut ;
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Behavior Test

Testbench to verify functionality

Wwwiw

wWwwiw
wWwwiw
Wwwiw

18 |
12 > Expected Value
8 <
> i > Initial Value
X
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Input Latency Verification

“—— Taggle input data

oOwo|w

oOlwWwo|w
WwWo|w|o
wo|w|o

> Expected Value

> Initial Value

v

= =
X X X% |X |5 |0x|o
Al
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Input Latency Verification

“— Wrong Input Latency

wo|w|o
WMo |w|o
WwWo|w|o
wo|w|o

> Wrong Value

> Initial Value

v

X X |X |X |©|©o|o|©
A
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