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• Unstructured data occupies to 80% of  storage capacity in data 

centers [1].

• Intensive retrieval/analysis requests.

• Fast and energy-efficient data retrieval solution.



Problem- Software

• Performance bottleneck migrates from 

hardware (SSD(75-50us[2])) to software 

(IO Stack (60.8us[3])).
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Problem-Hardware

• Massive data movement incurs energy and latency overhead in the 

conventional memory hierarchy.
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Solutions

Deep Learning Hashing Graph Search DLG - accuracy+ =

8/28



0
1
0
0
1
0

Simplify the 

software stack


The internal bandwidth of  SSD can be 16x higher than the external SSD bandwidth[6]  

Near-data processing

Shorten data path


 User-visible 

Software abstraction
Scalability

Different applications



Outline

• Background and Motivation

• Cognitive SSD System

• Overview

• High-level library

• Firmware and hardware

• DLG-x Accelerator

• Evaluation

• Conclusion
9/28



Cognitive SSD System--Overview
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Cognitive SSD System—High Level Library
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• How to update deep learning model and graph parameter?
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Challenge: Model and parameter configurable & scalability? 



Cognitive SSD System - Firmware and hardware
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DLG-x Accelerator – Deep learning unit
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CONV - convolution layer
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Challenge: How to supply data to accelerator without DRAM? 



DLG-x Accelerator-Data Layout
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Parameters

Challenge: How to fully utilize the internal bandwidth of  flash? 



DLG-x Accelerator-Graph search unit
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DLG-x Accelerator-Data Layout
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Cognitive System – Case study
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Evaluation Setup
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1. Zynq FPGA Chip – DLG-x and flash 

controller

1. Dual Cortex A9 -- Firmware

2. 1GB DRAM

3. 8-channels NAND flash

4. Ethernet
5. PCIe Gen 2 (maximum lane = 8)

OpenSSD



Evaluation-DLG algorithm

Dataset Total Train/Validate Labels

CIFAR-10 60000 50000/10000 10

Caltech256 29780 26790/2990 256

SUN397 108754 98049/10705 397

ImageNet 1331167 1281167/50000 1000

(a) CIFAR-10 (b) Caltech-256

(c) SUN397 (d) ImageNet
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Dataset

• DLG solution performs better retrieval accuracy regardless of  the 

choice of  T value when compared to the conventional hash solutions. 

• DLG solution shows the robustness of  the DLG solution when 

deployed on a real-world system.



Evaluation-DLG-x

Model - Latency(ms) Power(w)

Hash 

AlexNet

DLG-x 38 9.1

CPU 114 186

GPU 1.83 164

Hash 

ResNet-18

DLG-x 94 9.4

CPU 121 185

GPU 7.13 112

Performance of  deep hashing on DLG-x
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• Faster than CPU solution • Outperform than brute 

force sort method

• More power-efficiency 

than GPU solution
• Up to 37.12 x and 12.5 x

speedup over CPU solution



Evaluation-Cognitive SSD System

Performance of  Cognitive SSD system on ImageNet

Web Demo
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• Compared to B-CPU, Cognitive SSD system reduces latency 

by 69.9% on average.

• Cognitive SSD achieves higher power-efficiency than B-GPU 

system by 2.44 x.



Evaluation-Cognitive SSD Cluster

Cognitive SSD 
as a server
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Evaluation-Cognitive SSD Cluster

• The power-efficiency of  the HFC system is better than other baselines when users 

requests are low.

• HFC system will perform better power-efficiency if  the Cortex-A9 processor is replaced 

by the latest Cortex-A series processor.
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Conclusion

• Cognitive SSD provides a more power-efficient solution 
for unstructured data retrieval.

• The DLG-x accelerator integrates deep learning and 
graph search into one chip and directly accesses data 
from NAND flash without crossing multiple memory 
hierarchies.

• FPGA-based prototype evaluations show that Cognitive 
SSD outperforms other solutions on power-efficiency. 
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Cognitive System - Scalability
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• Cognitive SSD system also supports other applications and not be 

limited by the image data retrieval!

• The task plane provides the user-defined API (DLG_analysis) interface to 
enable users to deploy other applications without bigger modification. 
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