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Sparse DNN Inference
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21Synchronization accepts token groups
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24Source buffering saves energy
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Discussion: Summary Question #1

State the 3 most important things the paper says. 

These could be some combination of the motivations, observations, 
interesting parts of the design, or clever parts of the implementation.
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Discussion: Summary Question #2

Describe the paper's single most glaring deficiency. 

Every paper has some fault. Perhaps an experiment was poorly 
designed or the main idea had a narrow scope or applicability.
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“The TYR Dataflow Architecture: Improving Locality 
by Taming Parallelism” 
     Nikhil Agarwal, Mitchell Fream, Souradip Ghosh, Brian C. 
Schwedock, Nathan Beckmann 2024

• Tagged dataflow architectures lead to large (unbounded) number of live tokens

• Finite machines can’t make use of unbounded parallelism anyway

• Selectively delaying work can massively decrease peak state without sacrificing 
parallelism
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TYR Overview
•Fundamental tradeoff: More parallelism  More state

•Dataflow architectures suffer parallelism explosion 
– Loss of locality or even deadlock!

•TYR is the first general-purpose dataflow architecture 
with high parallelism and provably bounded state

•Insight: Program structure can be leveraged to break 
unnecessary interdependences.

•Results: 68x faster vs. vN, 573x less state vs. naïve dataflow
Geo-mean 
Peak State

Geo-mean 
Execution Time

68x

573x
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Unordered dataflow is highly parallel

Unordered-tagged 
dataflow execution 

trace on 5x5 dmv

One outer loop iteration
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Unordered dataflow is highly parallel

Short execution time

High state  
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Von Neumann limits parallelism

Sequential von Neumann

2 wide out-of-order

4 wide out-of-order

Low State

High Execution Time
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The problem is over-synchronization

•Insight: A shared global tag space is unnecessary in unordered 
tagged dataflow.

Unstructured DFG



39

TYR’s local tag spaces avoid over-synchronization

TYR’s compiler breaks the program into blocks. 

Unstructured DFG

Split into blocks

Structured DFG

Each block has its own local tag space. 
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TYR can expand work as needed

dmv traces on TYR with different tag counts

tags

2 tags

4 tags

8 tags
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TYR’s allocation rule

AL

Request
An input has 

arrived

Ready
All inputs 

have arrived
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TYR guarantees deadlock freedom and bounded state

“I have a truly marvelous 
demonstration of this proposition that 
this margin is too narrow to contain.”

-Fermat
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TYR guarantees deadlock freedom and bounded state

“I have a truly marvelous 
demonstration of this proposition that 
this margin presentation is too narrow 

short to contain.”
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TYR is fast
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TYR bounds live state
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Project Discussion Meetings

Monday
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