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Motivation

Designing FPGA Accelerators is Hard

Design productivity much lower than sw development
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Need for Fast Design Iterations

® Multiple levels of edit-compile-debug iterations to

Final

develop good accelerator systems
Up to hours Design
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or days!
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QuickDough Overview

m A high productivity compilation framework for
high-level applications on CPU-FPGA computers.

* Compiles software and FPGA accelerator design within
the same framework

e Overall SW-like compile speed

Goals:
 Fast design iterations
» Good performance

T

High Level Source Code

#define N 10000

}}.Compute kernel

for(i=0; i<N; i++){
cli] = ali] x b[i]

}

//Compute kernel
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SCGRA Overlay Based FPGA Accelerator
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Main ldea: FPGA Overlay
A 2-step HW-SW compilation approach

User Application
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QuickDough Design Flow
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QuickDough Soft CGRA Overlay

FPGA Accelerator
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Loop Execution on the Accel

};Compute kernel
for(i=0; i<N; i++){
c[i] = ali] x b[i]

} | To_Main_Mem{c(C
N,

Group_Execution()

/f Group Size: G
#define N 10000
#dehine G 10

r(i=0; i<N/G; i++){

Compule kerne!

Group Execution();

IBUF with multigle DFG inp
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/! Unrolling factor: 2
#define G 10
#define U 2

for(i=0; i<G/U; i++){

DFG_Execution();
}
_____ < Accelerator
\ Crivers
|
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1 Y \

OFG
@19D GioD GI1D (]
(€10)) (211 F~1T #define U 2

c[1] = a[l1] x b[1] ]

N i A
FPGA !ccel

c[0] = a[0] x b[O] |~

for(i=0; i<U; i++){
cli] = ali] x bli]

}
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QuickDough Design Flow

C/C++
program

Accel.
customization

Resource
budget

~_ —

Overlay
template

~_ —

=

T

1l we le

HW/SW
partition

4

Loop
kernel

N N

4

DFG
generator

4

Accel.
library
update

Program
using
Accel.

I estimation

1 T4

I Accel.
selection

I'ﬁil

DFG

|
' scheduling
I

ﬁ_,

Software Binary
:> compiling :D code
l:(> Agcel. Processor

drivers

User

FPGA
Accel.

Specific
Effort

Bitstream
generation

@ loop unrolling factors

@ SCGRA parameters and
loop grouping factors

|:(> Software compilation :{> Accelngeneration :{> Accel. library update II{> Accel. customization

T

QJiékDough



Accelerator Selection(1)

//
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Accelerator Selection(2)
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N

Af_%el' [Data Mem] [Inst. Mem] [I/O Buffer] [I/O Address Buffer] [CGRA Size] [Impl. Freq.]
1D.
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Accelerator Selection(3)

COC O C
CoOC 3 | ) [ A single operation

22— scheduling can be reused

| J | ) ) | ]
Accelerator library = to evaluate a group of

[ — | (Cora) )| accelerator configurations.

(COC O C O | ) s

® Selection Strategy
e -00: accelerators with smallest CGRA size

I

!

!

* -O]: target three groups of accelerators with
different SCGRA size (small, medium, large)

e -2: full search
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QuickDough Design Flow
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Accelerator Library Pre-build

SCGRA overlay

Hardware
template

resource budget

T S

Step3: Minimum accelerator configuration

set analysis

Step4: Accel. HDL model generation and

implementation

Accel. library

Step2: Common operation analysis

1
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Evaluation

m Two Goals:
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Benchmark

Benchmark App Parameters Loop kernel
MM (Matrix matrix size: 100100 100
multiplication)
FIR # of input: 10000 0
# of Taps +1: 50
SE (Sobel edge # of vertical pixels:128
detector) # of horizontal pixels: 128
KM (Kmean) # of nodes: 5000
# of centroids: 4
# of node dimension: 2
Benchmark Unrolling DFG Size
MM 1100
FIR 5050 200
SE 163
KM 2
-‘FPT'1 5 QuickDough
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Accelerator Performance
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Accelerator Generation Time

B DFG Generation M Accel. Selection M Bitstream Generation
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Resulting Accelerator Configurations

Oopfign R(ejsouiggg MM FIR SE KM
SCGRA size 2x2 2x2 2x2 2x2
Inst. Mem Depth 4K 4K 4K 4K
0 1/O Buffer Depth 4K 4K 4K 4K
Grouping Factor 50x5x100 2500x50 128x64x3x3 1250x4x2
SCGRA Size 3x3 3x3 3x3 5x5
o1 Inst. Mem Depth 2K 2K 4K 1K
I/O Buffer Depth 2K 2K 1K 2K
Grouping Factor 25x5x100 1250x50 64x32x3x3 1000x4x2
SCGRA size 3x3 4x4 4x4 5x5
- Inst. Mem Depth 2K 1K 2K 1K
I/O Buffer Depth 2K 8K 1K 2K
Grouping Factor 25x5x100 5000x50 64x32x3x3 1000x4x2
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Conclusions

B QuickDough can generate HW/SW accelerator
systems rapidly and with good performance.

® Overlay allows rapid compilation
® A overlay library assist rapid performance tuning

® Data I/O co-optimization with selected overlay
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THANK YOU @

Questions?

(3 W_ﬂ F 2 |nternational Workshop on
IND INTERNATIONAL Qum(suop moereymeirecresron. O VErlay Architecture (OLAF)
FPGAS (OLAF)

Feburary 21, 2016 - Monterey, CA, USA

Co-located with FPGA'16

Deadline: Jan 11, 2016

http://olaf.eecs.berkeley.edu

Happy baking...
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