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Hardware Accelerators
Motivations

 Hardware accelerators are devices designed and
optimized to realize very specific functionalities
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Hardware Accelerators
Architecture
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Hardware Accelerators
High-Level Synthesis (HLS)
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Hardware Accelerators
High-Level Synthesis (HLS)
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Hardware Accelerators
High-Level Synthesis (HLS)
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Hardware Accelerators
High-Level Synthesis (HLS)

1. Loop unrolling Which knobs can be
for (k = 0; k < N; ++k) used to obtain several
a[k] = b[k] + c[k]: RTL implementations?
Aﬂ “.\
O
< °
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Hardware Accelerators
High-Level Synthesis (HLS)

1. Loop unrolling Which knobs can be
for (k=0: k < N: k +=2) used to obtain several
a[k+0] = b[k+0] + c[k+0]; RTL implementations?
a[k+1] = b[k+1] + c[k+1];

—_—

Cost (Area)

° apply
unrolling
‘.\
RTL e
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Hardware Accelerators
High-Level Synthesis (HLS)

2. Memory Ports Which knobs can be
used to obtain several
oort 1 oort 2 RTL implementations?
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Hardware Accelerators
High-Level Synthesis (HLS)

2. Memory Ports Which knobs can be
used to obtain several
oort 1 port 2 port 3 port 4 RTL implementations?

increase number

(A of ports
© R
Q R
bank B bank < [ X
+— \\
bank | bank 2 )
. |RTL T -
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Performance (Latency)
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Motivational Examples

* Performing an accurate and exhaustive design-space
exploration for a hardware accelerator is complex:
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Motivational Examples

Need of multi-port memories
using multi-port memories
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Motivational Examples

* Performing an accurate and exhaustive design-space
exploration for a hardware accelerator is complex:

1. HLS tools do not always support the generation
(and optimization) of the private local memories

2. The algorithms adopted by HLS tools are based
on heuristics that make it hard to set the knobs
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Motivational Examples
Unpredictability of HLS tools

3.0

i | ‘{portm 2ports e 4ports 4 8ports ¢

2.5 |

2.0 |

.,

Area (mm2)

1.5 |

1.0 | e LI

Gradient

0.5

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Effective Latency (ms)

ACM/IEEE CODES + ISSS 2017, Seoul, South Korea

0.9

1.0

5/16



Motivational Examples
Unpredictability of HLS tools
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Motivational Examples

* Performing an accurate and exhaustive design-space
exploration for a hardware accelerator is complex:

1. HLS tools do not always support the generation
(and optimization) of the private local memories

2. The algorithms adopted by HLS tools are based
on heuristics that make it hard to set the knobs

3. HLS tools do not handle the simultaneous
optimization of multiple components
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Motivational Examples
Need of compositionality
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Contributions

 We propose COSMOS, an automatic methodology for
the design-space exploration of complex accelerators

1. COSMOS is able to efficiently coordinate high-
level synthesis and memory generator tools
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Contributions

 We propose COSMOS, an automatic methodology for
the design-space exploration of complex accelerators

1. COSMOS is able to efficiently coordinate high-
level synthesis and memory generator tools

2. COSMOS leverages a scalable compositional
design-space exploration methodology
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Contributions

 We propose COSMOS, an automatic methodology for
the design-space exploration of complex accelerators
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Contributions

 We propose COSMOS, an automatic methodology for
the design-space exploration of complex accelerators
= Step 2: Design-Space Exploration

A

: region 2
Design Space of S &8
® & =
the Accelerator Y © .
© P 4k | region1
A ° (JO(0 >
latency
A
® R {—
e ° < || region 2
- Step2 o
! > © .
throughput #1 | regionl
>
latency

ACM/IEEE CODES + ISSS 2017, Seoul, South Korea 6/16



Component Characterization

* Goal: for each component of the accelerator identify
the regions with the Pareto-optimal implementations
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Component Characterization

* Goal: for each component of the accelerator identify
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Component Characterization
How to identify the lower-right point
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Component Characterization
How to identify the upper-left point
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Component Characterization
How to identify the upper-left point
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Component Characterization
How to identify the upper-left point
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Component Characterization
How to identify the upper-left point
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Component Characterization
How to identify the upper-left point
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Component Characterization
How to identify the upper-left point
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Component Characterization
|dentifying the upper-left point
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Design-Space Exploration
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Design-Space Exploration
Step 1: Synthesis Planning

COMPONENT #1 §

Computational dependencies among
the components of the accelerator

ACM/IEEE CODES + ISSS 2017, Seoul, South Korea

9/16



Design-Space Exploration
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Design-Space Exploration
Step 1: Synthesis Planning
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Design-Space Exploration

Step 1: Synthesis Planning
throughput ¥
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Design-Space Exploration

Step 2: Synthesis Mappin
P Y PPINg throughput ¥

Ay is a theoretical solution, thus ‘
we need to map A, to knob setting
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Design-Space Exploration

Step 2: Synthesis Mappin
P Y PPINg throughput ¥

CASE 1: A, corresponds to one of ‘
the extreme point of region N
— no synthesis required!
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Design-Space Exploration

Step 2: Synthesis Mappin
P Y PPINg throughput ¥

CASE 2: A, falls outside the regions ‘
— no synthesis and preserving
throughput is our objective
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Design-Space Exploration

Step 2: Synthesis Mappin
P Y PPINg throughput ¥

CASE 3: A, falls inside a region ‘
— synthesis required to get
the actual implementation
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Design-Space Exploration
Step 2: Synthesis Mapping

CASE 3: A, falls inside a region
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Experimental Results
Component Characterization
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Experimental Results
Component Characterization
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Experimental Results
Component Characterization

1

® No Memory | latency span

® COSMOS

® No Memory | df€a span

® COSMOS

the higher the better

0
9
8
7
6
o
4
3
2
1
0
0
9
8
7
6
s}
4
3
2
1
0

G, 4,
7;?/ 7;?/*\ 7;?/* A, 044/04'?,0

N ~

ACM/IEEE CODES + ISSS 2017, Seoul, South Korea 12 /16

Op Gon Go A S,
5\@4 ;,,?‘4}3:?40 /é:?& 440\ 474

474 S}é‘@ ¢/



Experimental Results

Design-Space Exploration (Efficiency)
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Experimental Results

Design-Space Exploration (Efficiency)
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Experimental Results
Design-Space Exploration (Accuracy)
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Experimental Results
Design-Space Exploration (Accuracy)

17.0 ¢ large mismatch in area because: 2.5%
|

16.0 | |

|

|

1
C\JA 150 I / : “ /
c |
: - /
= 140 | ! 11.9%
2 30| Ak i - 13.0%
< e " 15%

6 o 25%
120 1% . 0.1%
2.1%

110 1 18% 1.8%

40.0 50.0 60.0 70.0 80.0 90.0 100.0 110.0
Throughput (frames/s)

ACM/IEEE CODES + ISSS 2017, Seoul, South Korea 14 / 16



Concluding Remarks

 We presented COSMOS, an automatic methodology
for design-space exploration (DSE) of accelerators
that coordinates HLS and memory generator tools
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methods that do not consider the accelerator PLMs

2. COSMOS guarantees a much faster DSE compared to
exhaustive methods in case of complex accelerators

3. COSMOS is a scalable methodology for DSE
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