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SELF ATTENTION

Input vectors !1,!2,…,!t                       Output vectors "1,"2,…,"t

Attention: weighted average over all the input vectors
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QUERIES, KEYS, VALUES

Every input vector !i is used in three different ways
• Query: Compared to every other vector for its own output "I 

• Key: Compared to every other vector for the output vector "j

• Value: Part of the weighted sum to compute each output vector
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KV CACHE, PREFILL VS DECODE

Cache Key and Value vectors for the context length 
Minimize re-generation of key and value vectors for prior tokens. 

Pre-fill: Digests all the input tokens (prompt). Fill KV Cache
Decode: Generate token-by-token till termination

- key ,

value

# - 25744

Context

- -

windoworfig I② length :

↳ repeatedly evaluate Ki , vi for all prior tokes



Prefill thatall the tokens at once Prompt
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HOW TO ENSURE HIGH THROUGHPUT?

Approach: Try to derive hardware bounds. 
Investigate which hardware resource is the bottleneck
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PROFILING RESULTS
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HOW TO IMPROVE UTILIZATION? NANO BATCHES
Form

I batch
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DESIGN

Pick batch sizes which 
maximize throughput (2048)

Minimize number of 
nanobatches, avoiding pipeline 
bubbles

Intra-device:  Search for 
number of SMs to allocate for 
each nanobatch
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DESIGN: KV CACHE MANAGEMENT

Offload unused KV caches
to SSDs

Load KV cache back for a 
multi-round use case
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SUMMARY

LLM Inference: Mix of compute, memory bound ops
Key idea: Minimize idle resources through pipelining
Careful memory management, scheduling with nanobatches
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DISCUSSION

https://forms.gle/2fnsyM12xEWtj7TA7
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What are some similarities of nanoflow with prior papers we have read in the class so 
far? What are some differences?

Similarities Differences
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NEXT STEPS

Next class: Scheduling


