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What is RASP

A programming language with expressive power equal to a transformer
Map - Applies a function to a vector
Sequence Map - Applies a function to 2 vectors

Select - applies a predicate operation to vectors K and Q over k_i and g_j, forming matrix
SH

Aggregate - Given a boolean matrix and vector, use each row of the matrix to mask the
vector and take the average over the non-masked values forming a column vector

e.g. aggregate (sel, [124])
FTT->1>*0+ 2 *1
FFF->0+0+ 0 =

T FF -—>1* 1 +

> [301]
Select Width - computes the average over rows of a matrix returning a vector
~ np.sum(axis=1)



Tracr Overview

same_tok = r:
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Tracr Inverse Tracr

def sort(keys, vals):
1t = celect (keys, keys, <) def sort(keys, vals):

1t = celect (keys, keys,<)

pos = Selectoriiidih(le) ’

sel = “clect (pos,x.ids,= » » os = Celectoriidih(lt)

return Aggreg(:te,(sel,v.;l)s) Inverse rs>el = Select(pos,x.ids,=)
! Tracr return “ogrecate (sel,vals)

Program generation
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Model

Timestep Terminal Flag Param Block Architecture
fst 1 <PARAMS> <ARCH>
snd 1 <PARAMS> <ARCH>

w_gk 0 <PARAMS> <ARCH>
w_gk 1 <PARAMS> <ARCH>
w_ov 1 <PARAMS> <ARCH>
‘ <PAD>
I PROG_START ” <PAD> |
<PAD>
PROG_END ” <PAD>

Embed

GPT2

LARGE/
MEDIUM

Un-Embed

=

Ignored for-Causal Masking

<PAD>

Operator Arg 1 Arg 2 Arg 3 Return Var

| PROG_START || <PAD> |
| MAP | | LAM_ADD | | indices | | NA | | vi ‘
| Sequence Map ” LAM_EQ “ tokens “ v “ v2 ‘
s | wwea | v | 2 | w |
| Aggregate “ v3 ” v1 “ NA ” v4 ‘
| PROG_END || <PAD> ‘

|




Initial Results

PARAMS: 125M
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True Pred

16 PROGRAM_START <PAD> <PAD> <PAD> <PAD= 16 PROGRAM_START <PAD> <PAD=> <PAD> <PAD>

Map tokens NA vl Map tokens NA vl

14 SequenceMap indices indices v2 14 SequenceMap tokens indices v2
Select PRED_EQ vl vl v3 Select PRED_EQ vl vl v3

12 SelectorWidth v3 NA NA v4 12 SelectorWidth v3 NA NA v4
Map Map v4 NA v5

10 Aggregate NA v6
Aggregate Aggregate NA v7

8 Aggregate

PROGRAM_END

6 Map PROGRAM_END

Aggregate PROGRAM_END

4 PROGRAM_END <PAD> <PAD> <PAD> <PAD> 4 PROGRAM_END <PAD> <PAD> <PAD> <PAD>

<PAD> <PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD> <PAD>

<PAD> <PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD> <PAD>

<PAD> <PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD> <PAD>

<PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD> <PAD>




True Pred @
16 PROGRAM_START <PAD> <PAD> <PAD> <PAD> 16 PROGRAM_START <PAD> <PAD> <PAD>
Map indices NA vl Map LAM_IV indices NA
14 Select PRED_NEQ tokens tokens v2 14 Select PRED_NEQ tokens tokens
PRFD_FQ v3 SelectorWidth
12 Selectorwidth v4 12 SelectorWidth
Aggregate v5 Aggregate
10 Aggregate e e =4 Selectorwidth NA
SelectorWidth 3 NA A V7 Map NA
8 Map LAM_MUL v8 8 Map LAM_MUL
Select vo Select
6 Aggregate vi0 6 Aggregate
Map vil Map
4 PROGRAM_END <PAD> <PAD> <PAD> <PAD> 4 PROGRAM_END <PAD> <PAD> <PAD>
<PAD> <PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD>
<PAD> <PAD> <PAD> <PAD> PROGRAM_END <PAD> <PAD> <PAD>
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<PAD>

vl

v2

v3

v4

v5

v6

v7

v8

vo

v10

vll

<PAD=>

<PAD>

<PAD>

<PAD>

<PAD>



Next steps

Try distilled models that will generalise beyond tracr




Transformer Parameter Invariance

apply(self, x: bases.VectorInBasis) -> bases.VectorInBasis:
ert x in self.residual_ space

gueries = x.project(self.w gk.left space)

keys = x.project(self.w _gk.right space)

attn_matrix = queries.magnitudes @ self.w _gk.matrix @ keys.magnitudes.T
if self.causal:

mask = np.triu(np.full like(attn_matrix, -np.inf), 1)
attn_matrix = attn_matrix + mask

attn_weights = _np_softmax(attn_matrix)
values = self.w_ov_residual(x).magnitudes

magnitudes = attn _weights @ values

return bases.VectorInBasis(sorted(self.residual space.basis), magnitudes)




Next steps

Test meta model on a subset of BERT parameters?




