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Design and Analysis of Efficient Inter-core Communication in GPUs
Mohamed Ibrahim*    Hongyuan Liu*    Onur Kayiran† Adwait Jog*

* College of William & Mary            † AMD

1- Inter-core Communication Opportunities 

2- Inter-core Communication Challenges

5- Summary

4- Towards Efficient Inter-core Communication

3- Characterization – Probe Coverage vs. Probe Rate

Goal
Unlock additional remote-core BW and enable efficient inter-core 

communication for better performance and uniform NoC utilization

▪ Observe an ample scope for exploiting remote-core BW to improve
the GPU performance

▪ Address the challenges for unlocking additional remote-core BW
+ Leverage the bi-modal distribution of inter-core locality across PCs

to predict data sharing
+ Generate an inter-core locality map to determine the supplier

cores
+ Develop a two-level parallel probing technique to search the

supplier cores while not saturating the network

▪ Results
+ 21% IPC improvement using a perfect predictor
+ 10% IPC improvement using our PC-based predictor
+ <1% IPC degradation for applications with low inter-core locality
+ Modest area overhead of 0.058 mm2 per core (determined by

detailed RTL synthesis)

Observation#1: Inter-core Locality

Observation#2: Underutilized NoC BW
Request NoC (CUDA-BFS)
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Scenario
Is the data 

shared?

Which remote 
core has the 

data?
How is the data fetched?

Perfect Probing 
(PP)

Known Known
Zero-cycle 

communication

Direct Probing 
(DP)

Known Known
Direct communication 

with the nearest supplier

Naïve Indirect 
Probing (n-IP)

Known
Search all 

cores
Sequentially search the 

cores one by one

Probing/Communication Scenarios

Baseline DP n-IP

Max%

Contribution
Efficient core-to-core communication to exploit the inter-core 

locality while managing the communication/searching  
overhead in the NoC

Indirect Probing 𝐼𝑃(𝐶, 𝑆, 𝑃)
Probe Coverage (𝑪): The number of cores to search 

Probe Rate (𝑺, 𝑷): S probes are sent per read request, with a probability of P (0 
<= P <= 1) or S−1 probes per read request are sent with a probability of 1−P
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PC-based 2-bit Sharing Predictor

Supplier-based Core Selector

CUDA-BFS SHOC-Spmv
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Precision ≈72%, Recall ≈88%
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