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NEURO-SYMBOLIC AI SYSTEMS

v Selected Neuro-Symbolic AI Models

v Current AI Systems
ü Features: 
ü Deep neural network 
ü Extensive dataset 
ü Large computing power
ü Challenges: 
ü Unsustainability 
ü Lack robustness/explainability
ü Limited human-AI collaboration

ü Symbolic[Neuro]

v Runtime Analysis
ü Methodology: PyTorch Profiler
ü Hardware: Intel Xeon 4114 CPU,

Nvidia RTX 2080 Ti GPU 
v Observations:
ü Symbolic workloads are not negligible

and may become system bottleneck.
ü Symbolic workloads in critical path.
ü Potential scalability issue
ü (e.g., in NVSA, test case size 2x2 ->

3x3, total runtime increases 5.02x)

v Workload Analysis
ü Methodology: six operator categories
v Observations:
ü Neuro workload is dominated by MatMul

and vector/element-wise operations.
ü Symbolic workload is dominated by

vector/element-wise, logic operations.
ü Data movement, complex control flow,

low operational intensity.

v An Emerging AI Paradigm: Neuro-Symbolic AI
ü Features: neuro + symbolic + probabilistic
ü Neuro: scalable, flexible, handle inconsistency
ü Symbolic: interpretable, explainable
ü Probabilistic: robust to uncertainty
ü Advantages: 
ü Improve efficiency, robustness, explainability
ü Human-like reasoning capabilities
ü Collaborative human-AI applications

v This work: 
ü Algorithm: Systematic review of recent neuro-symbolic AI algorithms
ü Hardware: Characterize performance and computational operators of neuro-symbolic AI

ü NeuroSymbolic

ü Neuro[Symbolic]

v Criterion: how neuro-symbolic integrated into a cohesive system
ü Neuro|Symbolic ü Neuro:Symbolic->Neuro1 2

4

3

5 ü Representative Underlying Operations

ü Logical Neural Network (LNN)

ü Logical Tensor Network (LTN)

ü Neuro-Vector-symbolic Architecture (NVSA)

0 1 2 3 4 5

0
1

2
3

4
5

0

15

30

45

60

0.00%LNN 0.51% 43.6% 16.4% 39.5% 0.00%

0.00% 0.00% 19.3% 17.3% 39.4% 24.0%

0.00% 62.5% 26.8% 7.20% 3.48% 0.00%

0.00% 0.00% 73.1% 2.40% 6.36% 18.1%

30.7% 34.8% 22.0% 3.11% 9.40% 0.00%

35.7% 0.52% 49.9% 6.82% 7.12% 0.00%

0 1 2 3 4 5

0
1

2
3

4
5

0

15

30

45

60

0%

15%

30%

45%

(Neuro)

LNN
(Symbolic)

LTN
(Neuro)

LTN
(Symbolic)

NVSA
(Neuro)

NVSA
(Symbolic)

Conv
MatMul

Vector/Element
Data Data 

Other

Transform
Movement

-wise

>60%


