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Challenges of Extending Device Lifetime

Parameter size of different AI models
AMD U250 vs. AMD VCK5000

Applications are evolving:
Old devices may not handle

AMD U250 (2018)
FPGA

6.95 TOPS(INT8)
30.9GOP/J

AMD VCK5000 
FPGA+AI Engine(tensor core-like)

145 TOPS (INT8)
644.4GOP/JResNet50

(2016)

ViT-Base
(2020)

Falcon2-11B
(2024)

25.6M
86M

11B

Accelerator are evolving:
New devices have better energy efficiencies

log

3.35X

127X

20.9X
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Baseline Approaches

Time
2021package

chip

2021
Embodied cost:
0 𝐾𝑔𝐶𝑂2𝑒
Operational cost: 
122.8 𝐾𝑔𝐶𝑂2𝑒

2018
Embodied cost:
26 𝐾𝑔𝐶𝑂2𝑒

Approach 1: 
Keep old device

High operational carbon

No embodied carbon investment
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Approach 1: 
Keep old device

Approach 2: 
Invest new device

High operational carbon

No embodied carbon investment

Can we do better?

Embodied carbon investment

Low operational carbon
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We Can Do Better with the Chiplet Technologies

Embodied carbon optimized (ECO) FPGA systems

• Start: small chiplet + large interposer
• open spots for future chiplets

2018

2018
Embodied cost:
13+x 𝐾𝑔𝐶𝑂2𝑒

Time



2024/11/5 7

Amortized embodied carbon

2018

2018
Embodied cost:
13+x 𝐾𝑔𝐶𝑂2𝑒

2021

FPGA design is sized to problem size

Time

We Can Do Better with the Chiplet Technologies

• Start: small chiplet + large interposer
• Keep old chiplet + Invest New chiplet

Embodied carbon optimized (ECO) FPGA systems

2021
Embodied cost:
11.86 𝐾𝑔𝐶𝑂2𝑒
Operational cost: 
7.22 𝐾𝑔𝐶𝑂2𝑒
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We Can Do Better with the Chiplet Technologies

2021
Embodied cost:
11.86 𝐾𝑔𝐶𝑂2𝑒

2021
Embodied cost:
0 𝐾𝑔𝐶𝑂2𝑒

2021
Embodied cost:
11.86 𝐾𝑔𝐶𝑂2𝑒

Approach 1 Approach 2

Better operational cost
Same embodied cost in 2021

(a) (b) (c)

C
ar
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er
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𝐾
𝑔
𝐶
𝑂
2
𝑒
)

ViT-Base-INT8:  86MB size
Embodied Operational

(a):  approach 1 (2018 FPGA)
(b):  approach 2 

(2021 FPGA w/t tensor core)
(c): ECO FPGA 

(2018 FPGA + 2021 FPGA w/t tensor core)

Operational cost: 
122.8 𝐾𝑔𝐶𝑂2𝑒

Operational cost: 
7.22 𝐾𝑔𝐶𝑂2𝑒

Operational cost: 
32.91 𝐾𝑔𝐶𝑂2𝑒

Better operational cost

ECO-FPGA
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No tensor core, 
compute bound

With tensor core, 
compute good

Better operational cost

ECO-FPGA
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Low on-chip memory
Bandwidth bound

more on-chip memory
Fit weights on chip

ECO-FPGA
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