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System Layer Collective Implementation
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• Code Structure

astra-sim

workload system
network
frontend

Sys.cc

System layer main file

Collective topology

Implements different collective algorithms Implements different logical topologies 
to be used by collective algorithms
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• Each collective algorithm works based on a logical topology.

• Logical topologies are implemented in “system/topology/*” and instantiated in sys.cc.

• Collective algorithms are implemented in “system/topology/*” and instantiated in sys.cc.

• Collective algorithms can be implemented using state machines. 
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• Collective algorithms can be implemented using state machines. 
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• Collective algorithms can be implemented using state machines. 
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• Collective algorithms can be implemented using state machines. 
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• Collective algorithms can be implemented using state machines. 
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• Collective algorithms can be implemented using state machines. 
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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21 21

21

21 21

NPU Intra-package scale-up 

Inter-package scale-up Package

Dim 1 queue

Dim 2 queue

Dim 3 queue
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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NPU Intra-package scale-up 

Inter-package scale-up Package

Dim 1 queue

Dim 2 queue

Dim 3 queue

AR

AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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Dim 2 queue
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AR: All-Reduce
RS: Reduce-Scatter
AG: All-Gather
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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• There are one/multiple queue(s) per each physical network dimension.

• A collective is broken into multiple chunks and inserted into the first queue.

• Queues process chunks in-order.
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Collective Policy for 
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Constant delay before NPU sending a message
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Max running chunks per each physical network dimension
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NPU Intra-package scale-up 

Inter-package scale-up Package
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# of chunks to split each collective into

21

21 21
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21 21

NPU Intra-package scale-up 

Inter-package scale-up Package
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Speed-up the simulation
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Hierarchical collective algorithm implementation
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21 21
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NPU Intra-package scale-up 

Inter-package scale-up Package
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21

21 21
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21 21

NPU Intra-package scale-up 

Inter-package scale-up Package
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Opportunities for intelligent 
communication scheduling at the 

system layer 
S. Rashidi et al., ” Themis: A Network 

Bandwidth-Aware Collective Scheduling Policy 

for Distributed Training of DL Models”. ISCA 

2022.



Thank you!
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