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[Patel+, 08] Music, language, and the brain.
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Note-based Rep. [Zeng+’21; Dong+’23]
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Event-based Rep. [Oore+’18; Huang+20]
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Attention [Vaswani+, 17]

+ Query & Key H'5 Attnetion Map Z5tE L Value DEHfFE Mz H

QK"
Attn(X) = Softmax v

Non

o TefEl Q = XWy, K = XWy,V = XW, T Wy, Wy, Wy € RPXPr|ZE B A RET T

A. Vaswani, N. Shazeer, N. Parmar, et al., : Attention is all you need.



Relative Attention [Huang+, 18]
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Cheng-Zhi Anna Huang, Ashish Vaswani, Jakob Uszkoreit, Noam Shazeer, lan Simon, Curtis Hawthorne, Andrew M. Dai, Matthew D. Hoffman, Monica

Dinculescu, Douglas Eck, Music Transformer.c
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RIPO Attention [cuo+, 22]
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Z. Guo, J. Kang, and D. Herremans, “A domain- knowledge-inspired music embedding space and a novel attention mechanism for
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{22 F%: Circular Relative Attention
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Cheng-Zhi Anna Huang, Ashish Vaswani, Jakob Uszkoreit, Noam Shazeer, lan Simon, Curtis Hawthorne, Andrew M. Dai, Matthew D. Hoffman, Monica
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Ziyu Wang, Ke Chen, Junyan Jiang, Yiyi Zhang, Maoran Xu, Shuqi Dai, Xianbin Gu, Gus Xia , POP909: A Pop-song Dataset for Music

Arrangement Generation.
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o XA wk=¥Io \ET
=5Y 27y b CEIC3AD EHi Methods Subjective Evaluation

e 100H > FILt Y kT Rep. Attn Type Coherence Musicality Overall

- _ Ground Truth 3.93 4.17 4.03

HEIE B (€ 112 i 1~50D 5 ERPEET i)
RelAttn [13] 2.93 2.69 2.79

e Coherence - Musica“ty * Overall event RIPOAttn [7] 3.00 3.21 3.03

[CirRelatn-H 431 3.41 3.69 |

RelAttn [13] 2.28 2.69 245

. Event-based Rep. + %;;5%‘1 note RIPOAttn [7] 2.69 2.90 2.90
CirRelAttn-H 2.10 2.51 242

Coherence hMFiIcgEWVL = BHE ?
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- IEFIED CirRelAttn-H TIIROH D#EH 4, 8, 12 /NEifERTES R X3
- MHEDOERLBEHNZLLFEND ) H—EMNEIFFEVWCFHEEIN—EKEEZS5ND

Ground Truth Attn RelAttn RIPOAttn CirRelAttn-H

151413121110 98 76 543 2 10
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151413121110 98 76 5 4 3 2 10
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—XKLTLAM ZIF—E8L TS H ) X LDELE

Methods
No. Rep. Attn Type params time(ms/note) Loss
1 Attn [1] 4.32M 8.46 0.979
2 RelAttn [13]  4.84M 9.73 0.937
3 event RIPOAttn[7] 4.85M 18.3 0.904
4 CirRelAttn-S  4.88M 225 0.876
5 CirRelAttn-H  4.88M 20.8 0.856
6 Attn [1] 3.53M 4.29 442 0.188 0267 0.784 0.619 0.941
7 RelAttn [13]  3.66M 5.79 438 0.186 0271 0.798 0.628 0.946
8 note RIPOAttn[7] 3.67M 5.93 440 0.180 0.257 0.786 0.612 0.942
9 CirRelAttn-S  3.70M 8.58 437 0192 0.273 0.785 0.623 0.943
10 [CirRelAttn-H 3.70M 6.54 429 0215 0.294 0.787 0.632 0.944]




5“_‘ 9 1 — B @ E$ ﬁ Methods Objective Evaluation
E E‘/ = Attn Type Data Size Loss Fl,, F1, GS CS PRS
Attn 442 0188 0267 0784 0619 0941
« REYF—A=2F%FO LI-EERERETDH RelAttn Ly 438 0186 0271 0798 0628 0.946
e — RIPOAttn 440 0180 0257 0786 0612 0942
REHFEEIT oI
CirRelAttn-H 429 0215 0294 0787 0.632 0944
Attn 444 0180 0261 0775 0618 0.940
4 RelAttn 441 0194 0276 0.795 0.630 0.947
ﬁn% 1/2
RIPOAttn 442 0176 0255 0778 0610 0.938
o = s pEZ= s »f  (CiRelAtnH 133 0217 0295 0.795 0631 0944
s F—AEICEATINT., BEFEIFE) WUV e e e e
Attn 451 0179 0261 0775 0615 0.939
— = — \ —
« T—HREZ 1/8ICLTHER—XTAMVF Rt g 4460185 0267 0795 0625 0943
: — ap =
$ Y BN EDMEES 38 RIPOAttn 448 0177 0255 0778 0.610 0.938
CirRelAttn-H 439 0214 0289 0791 0631 0944
Attn 461 0179 0260 0779 0.612 0941
RelAttn g 458 0172 0255 0791 0619 0.944
RIPOAttn 458 0167 0247 0775 0.600 0936
CirRelAttn-H 248 0200 0276 0790 0.620 0942
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How a Bilingual LM Becomes Bilingual:

Tracing Internal Representations with Sparse Autoencoders
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HEHZEZESE, Under Review [C LD E[E DEEX]


https://arxiv.org/abs/2503.06394
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%%E . = 7—') Lﬁz-I,:*Rd);E l.a Z_k [Bereska+, 24]

- EEBETILONERFRIRIL Polysemantic (Z&HM) THRIRTD2DOHEE L L)
- NEBFRIE%Z Monosemantic (—&M) BRIFEODE LEHHETRIEL L

.\

Observed model Hypothetical disentangled model

Polysemantic RN £ DN ZF#E LV T Monosemantic 25 L =0

[Bereska+, 24] Mechanistic Interpretability for Al Safety -- A Review


https://arxiv.org/abs/2404.14082

ZI\"—ZZI'— Fly:_a (SAE) [Olshausen+, 97; Huben+, 23]
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ER1E

z = ReLU (Wanc(x = bpre) )
X = WaecZz + bpre

BX
L= |lx — x5 + Allzlly

z € R4

X, bpre ERL,zER™,d <n

Wenc € R™¢, Wiec € RO

X byre & ReLU [F&EE L THRR

[Olshausen+, 97] Sparse coding with an overcomplete basis set: A strategy employed by V1?

[Huben+, 23] Sparse Autoencoders Find Highly Interpretable Features in Language Models


https://www.sciencedirect.com/science/article/pii/S0042698997001697?via%3Dihub
https://openreview.net/forum?id=F76bwRSLeK
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Zl\"—ZZI'— FI‘/:—Q (SAE) [Olshausen+, 97; Huben+, 23]
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TOopK-SAE [Gao+, 24]

- B DEMLEEE % ReLU B 5 TopK ICEE
Sparsity = K DMETE#HE I FO—JLAJEET. FEHEZELPTL)

it

=1k
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=1k

z = RelLU (M/enc(x - bpre)) z = TopK (VVGDC(X o bpre))

»

PN PN
L=|lx—-zlz+ Azl L=x—2%|3

[Gao+, 24] Scaling and evaluating sparse autoencoders
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SAE @ Features D XD b— I ICRANTIERDH DI H % AID F= L)

==
- (i) BREBICENT B (i) REEICFENT B (iii) AICHENT 5D
BABXENDRIENIOUU L HEXEADFKEO%ELL Z oA

Activating Tokens Language

() | RIEL /BT Z 0 /EH Tz Japanese
(ii) - are scary/- are cute/. cafe English
(iii) | Dogs are scary/§i & 7T & L\/Cat cafe Mixed




SFE+S4E 11: Monosemanticity

SAE @ Features WD KSR b— I VK NT ZEED D S H7%Z R D =L
Monosemanticity

« BANF—UVIEBEDERNENLEITEERNICTFEFZF>TWLS D (0~1)

o RFWEFCE—FIK(monosemantic). /NELFEZEHKRDUIL S IE 5 (polysemantic)

Activating Tokens Monosemanticity

AL/ U A SEL/ love thatjguitar | 0.00
KT ML V/Cat cafe/ WA S EA 0.50
Dogs are cute/3f (LTI & L V/Cat cafe 1.00




SFE+S4E 11: Monosemanticity

e bop s
1. Token Entropy Z&5158: Higken(i) = — Xpey f (wli) log f(v]i)
2. Semantic Entropy &t 5:
1. BHiREOAARRZFEALT. AT AHEUEZDHEICISIAZI VT
2. VI7RAFZ=LARNITIY FOE=Z55E: Hsemantic()) = — Xcec, P(cli) log p(cli)
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£  cat YA 4 €1 Co P C

i-th Feature DN /INF—> EIROAAZBMTYISREY VT

X EERBIICEH LT i-th Feature DY T A Z—IF2D C; = {cy, ¢} 48



SFE+S4E 11: Monosemanticity

18 5%
3. Token entropy & Semantic entropy 75 Monosemanticity Zz5+5&
. Hsemantic(i)
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mono () Hioken (1)

Rimono~1=Hioken > Hsemantic= BRHIICEE XD DH B b—0 2V IZFH A (monosemantic)
*  Rimono~0~Hioken ~ Hsemantic = WA ALBEKRD b—7 VIZF N (polysemantic)

fli)
0.5 Hioken = 0.51l0g 0.5 + 0.410g0.4 + 0.110g 0.1 = 0.41
i 0.4 Hgemantic = 0.910g0.9 + 0.110og 0.1 = 0.14
it
0.1 0.14
Rumono = T 041 ‘(/—\ % C & C Monosemantic

X Cat YAZ

X Hioken(DDOD E EF . RyonolE1ET S



SFE+S4E 11: Monosemanticity
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)
H
0.1 0.41
Rmono = 041 ‘(/—\ % o 1= { Monosemantic L % % L)

* rwn YaAZ VY (= Polysemantic)

X Hioken(DDOD E EF . RyonolE1ET S 50



DR
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