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Why not Transformer
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Selective State Space Model
with Hardware-aware State Expansion
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h'(t) = Ah(t) + Bx(t)  (la) h, = Ah,_, + Bx,  (2a) K =(CB,CAB,..,CAB,..) (3a)
y(t) = Ch(t) (1b) yi = Ch (2b)

y=x*K (3b)
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[0 State Space Models (CIRZS#)
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O CIRZSeREC h(t)=Ah(t)+Bx(t)

O KL y(t)=Ch(t) [J_E o] 8EAYshort connection]

Input Output
(sequence) SSM (sequence)

state equation

h'(t) = Ah(t) + Bx(t)

r\J output equation —> r\J

y(t) = Ch(t) + Dx(t)
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Copying Selective Copying
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Perfectly solved by LTI (e.g. convolutional) models that do not need to look at the actual inputs . . . . . . * coa I:l I:' . —_— .

Solution




%lm

HES
O 3

E= e BEHRFHIT

IRNNZEH (fkEit-1) RNEEE EFH1T
BEEEESN (%%rllcache%u;—;@ﬂfg)

. OO

-------------------------------------------------------------------------------

(H, )+B Bx#+ Bx,
A A
(. )+s
A
A

.................................................................................

Parallel computation O(n/t)



Perplexity (log scale)
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Scaling Laws on The Pile (Sequence Length 2048)
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Scaling Laws on The Pile (Sequence Length 8192)
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Vision Mamba (ViM)
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Flatten and Linear Projection
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Vision Mamba (Vim)
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(b) O(N) complexity
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