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Motivation
• GPUs are increasingly becoming common and vital in 

compute-intensive applications
– With single GPU and exceeding working sets, memory 

becomes bottleneck
• Results in a trend towards multi-GPU computing

• Variety of single node Multi-GPU systems 
– Varying number of GPUs
– Different Topologies
– Device Capabilities
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Motivation
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Image source: https://www.hotchips.org/hc30/2conf/2.01_Nvidia_NVswitch_HotChips2018_DGX2NVS_Final.pdf

Image source: http://images.nvidia.com/content/pdf/dgx1-v100-system-architecture-whitepaper.pdf Image source:https://images.nvidia.com/content/pdf/nvswitch-technical-overview.pdf
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https://images.nvidia.com/content/pdf/nvswitch-technical-overview.pdf


Different Types of Communication
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Why need a communication detection tool for GPUs?

1. Unforeseen communication
– Implicit data transfers due to different device capabilities 

and topology
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2.   Communication bugs
– Communication bugs in application results in unexpected 

communication pattern

3.   Scalability and performance issues
– Single GPU applications naively scale on multi-GPUs, can 

ineffectively use interconnects



Related Work
• EZTrace: Generic trace generation framework [1]
• Comm|Scope: micro-benchmarks to measure latency 

and bandwidth for CUDA data transfer primitives [2]
• Tartan: multi-GPU benchmark suite for characterizing 

GPU interconnects [3,4]
• Tools generating communication patterns for multi-core 

architectures 
– ComDetective, leverages PMU and debug registers [5]
– Numalize, uses binary instrumentation [6]

6



Contributions
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• Present ComScribe, a tool for generating
communication matrices
– Built on top of NVIDIA’s profiling

tool nvprof [7]
– Shows both the number of transfers and 

amount of data transferred between every 
GPU-GPU and CPU-GPU pair in a node.

– Identifies different types of communication

• Evaluation on several micro- and macro-benchmarks as well 
as two deep learning applications

• Classification of all types of communication options 
available for intra-node communication using CUDA



Our Tool: ComScribe
• Built on top of NVIDIA’s profiling tool nvprof
• Our tool works in two steps: 

– First, it collects intra-node multi-GPU and CPU-GPU 
memory transfer information during execution with 
nvprof. 

– Then, it performs post-processing to quantify 
communication among GPUs as well as the host, and 
identify communication types
• Communication Matrices for Explicit transfers and UM
• Bar-chart for Zero-copy Memory  
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nvprof Pros and Cons
• Pros:

– Provides a timeline of all activities taking place on a GPU 
• Kernel execution, memory copy, data transfers 

– Has different profiling modes:
• GPU-Trace Mode - Explicit transfers and UM
• Metrics Mode - Zero-copy memory transfers
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• Cons:
– Gives trace consisting of extraneous information
– Total amount of data shared between each pair of devices for each type of 

communication is not readily available
– Requiring extra effort by the programmer to extract such information
– Does not generate communication matrices



Our Tool: ComScribe
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Parse nvprof GPU-
Trace output for UM 
and explicit transfers 

Populate the 
Communication 

Matrices

Run app with
nvprof

Parse nvprof Metric 
Trace output for 

Zero-copy Memory 
transfers

Populate the 
Zero-copy Memory 

array

● ComScribe Workflow



Evaluation
• Validated our tool on

– 8 micro-benchmarks 
• Comm|Scope [2]
• MGBench [8]

– 3 macro-benchmarks
• NVIDIA’s Multi-GPU Jacobi Solver [9]
• NVIDIA’s Monte Carlo Simulation 2D 

Ising-GPU [10]
• MGBench’s Game of Life [8]

• Insightful Communication 
Matrices for 2 DNN models
– Eidetic 3D LSTM (E3D-LSTM) [11]
– Transformer [12]
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• Hardware platform
– DGX-2 system

• 16 NVIDIA Tesla V100 GPUs
• All-to-all topology 

• Software Configuration
– NVIDIA CUDA v10.0.130
– Python 3.7 and it’s 

packages



Evaluation (Micro-benchmarks)
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Evaluation (Micro-benchmarks)
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Using ComScribe, unintended communication patterns can be detected. 
Such patterns may not necessarily affect the results, but degrade the 

performance.



Evaluation (Micro-benchmarks)
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(c) and (d) show how enabling and disabling peer-access affects the 
communication pattern.



Evaluation (Micro-benchmarks)
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ComScribe can identify implicit transfers as well. Zero-copy memory 
transfers are presented as a bar-chart.



Evaluation (Macro-benchmarks)
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Evaluation (Macro-benchmarks)
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Both Jacobi Solver and Game of Life employ a nearest-neighbor 
communication pattern, which can be easily observed from the 

communication matrices.



Evaluation (DNN models)
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Number of bytes
transferred

Number of bytes
transferred

Number of transfers Number of transfers

b) Eidetic 3D LSTMa) Eidetic 3D LSTM c) Transformer d) Transformer

From the communication matrices of DNN modes (E3D LSTM and 
Transformer), two variations of communication used for implementing 

data parallelism can be observed.



Conclusion
• We developed ComScribe on top of NVIDIA's profiling tool 

nvprof that
– identifies, quantifies and generates communication 

matrices for GPU-GPU and CPU-GPU communications in a 
single node

• Communication matrices generated by our tool can be used by 
programmers to
– differentiate types of communication
– study the communication patterns
– detect communication bugs in a multi-GPU application
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Thank You!
ComScribe is available at 

https://github.com/ParCoreLab/ComScribe

Questions?
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