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Standard Attention Implementation Flash Attention

Load
Q. K Load
ﬂ
Write S Load
Q; Oi limi
ﬁ
ﬁ Memory

Compute P =softmax(s) Combat S=QIK
(HBM) pute i i

Write P m = rowmax of S

E P =exp(s - m)

L = rowsum of P

m = max(nﬁ”, m)
Write Oi livi calculate O from L& m
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Initialize O, | and m matrices with zeroes. m and | are used to calculate
cumulative softmax. Divide Q, K, V into blocks (due to SRAM's memory limits)
and iterate over them, foriis row & j is column.
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Edge

operand - arithmetic

HBM - SRAM

operator = operator

chip = chip

rack = rack

Boundary

inside a single operation

the on-chip memory hierarchy

kernel and scheduling
boundaries

the scale-up domain

scale-out, and the building

Representative systems

TPU systolic array

FlashAttention

SambaNova, Groq, TileRT

Cerebras, NVLink, ICI

TPU pod topology, DSX, Etched




edge:
operand -
arithmetic

what enters the bill:
wire movement

scale:
~0.1-0.2 pJ/bit/mm,
sub-ps to few ns

©

HBM

4

edge:
HBM - SRAM

what enters the bill:
memory traffic

scale:
~3-5 pJ/bit,
~100-300 ns

edge:

operator -
operator

what enters the bill:

launch, sync,
boundary traffic

scale:

~5-10 ps +
memory cost if
materialized

edge:
chip = chip

what enters the bill:
SerDes, package/
board links,
switching

scale:

~0.5-6 pJ/bit,
tens to hundreds
of ns

More distance. More machinery. Higher cost. -

edge:
rack = rack

what enters the bill:
optics + distance +
switching + protocol

scale:
~1-5 s path,
optics ~10-25 pJ/bit










WEIGHTS

Systolic array

PARTIAL SUMS

Accumulators
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Vector Ops
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Data Flow
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Instruction D:spatch

144 Instruction Dispatch Paths




From Small Core to Massive Wafer

900k Cores
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[ attention algorithm (S2)
¥
f tile movement (S2)
¥
kernel pipeline (S3)
v
model runtime (S3)
¥
multi-accelerator fabric (S4)
¥

heterogeneous racks (S5)
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UI factory
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https://davidhdong.substack.com/p/2026-the-year-of-dataflow?r=219xu3&utm_medium=ios 2026/8/20 09:15
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Fully connected T Fully connected

4 TPUs on each tray which Group (G) of 8 fully connected trays/BB 36 groups
is building block (BB)




NVIDIA Dynamo Orchestrates Heterogeneous Compute

Vera Rubin NVL72 Groq 3 LPX
72 Rubin GPUs 256 LPUs

NVLink or
Ethernet

KV Cache

Interim _
Decode Decode LPUs
Activations (FFN)

Decode GPUs
(ATTN) Repeat per token

Ethernet
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