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Introduction

“Three Rings for the Elven-kings under the sky,
Seven for the Dwarf-lords in their halls of stone,
Nine for Mortal Men doomed to die,

One for the Dark Lord on his dark throne
In the Land of Mordor where the Shadows lie.”
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“One Ring to rule them all, One Ring to find them,
One Ring to bring them all and in the darkness bind them
In the Land of Mordor where the Shadows lie.”




A Typical TSFM

A Typical TSFM
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Low-rank Embeddings
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Low-rank Embeddings
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From Low-rank Inputs to Low-rank Attention
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e-rank

From Low-rank Inputs to Low-rank Attention
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 TSFMs have low-rank attention

Numerical Ranks of Chronos
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Flow of Ranks
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Flow of Ranks
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Flow of Ranks
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Flow of Ranks
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Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)
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Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)
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g-rank

Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)

600 A

500 A

400 A

300 A

200 A

100 A

—
——
——
—

eps=10705

eps=10~10
eps=10715

eps=10-20

layer ID

g;(X)/o1(X)

SVD of Input X to Layer 3 (Context: f{(t) = sin(t))

10°
1071
1072
1073
1074
1072
1076

1077 3

1078 3

100

200

300

400

500

16




g-rank

Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)
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Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)
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Flow of Ranks

Numerical Ranks (per Layer) of Chronos (Base)
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Compressibility of TSFMs

( . . N ( . . N
Compressing a Pratrained Model Pretraining a Compressed Model
e p e ~
Pretrained take every Transformer take every
attention matrix ~ . attention matrix ~
Transformer Architecture
~ J truncate all relative \ ’ use a rank-E
singular values representation
lower than ¢ to parameterize
| |
Compressed ]/ replace with Compressed l initialize and
Transformer J\ low-rank matrix Transformer J\ pretrain
\_ J \_ J

Compressing Chronos reduces its inference time by 65% and its memory requirement by 81%, without loss of
accuracy. More results (on Moirai, Chronos-Bolt, etc.) are found in our paper! 20



