a
®
3
@
8
=
@
2
i
=
)
Qo
£
<
3
=3
£
@
@

Copyright © 2024 Natural Language Proce:

s

latural _anguage
~rocessing
£ Artificial Intelligence

KOREA

UNIVERSITY

NLP&AI Y11 M|O|L} (25.11.27.Thu)

LLM Lens w/ SAE

AcdtiStul

KOREA UNIVERSITY



o
©
i
@
s}
e
[}
=)
L
E
=
=
£
<
o5
=)
=
17}
173
@
o
Qo
o
©
=)
S
S
=)
=
©
=i
B
2
©
z
<
N
=]
«
[©]
=
[y
S
a
Q
(8]

Do I KNOwW THIS ENTITY? KNOWLEDGE AWARENESS
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Motivation ‘ )

* Knowledge, Hallucination, and Entity
- "X|AlS Of L B2 L LFO| B§8"---Hallucination o] 2| Ef1
- Sparse Autoencoders (SAEs) £ siA =12 M AR 30], Hallucination &Ai| HIHLIS HS

> LLMO| & 2h2t2 4o F|=X|,

R
rr

S HEo=X[0f Chgt OfsH

o
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[}

* 07| X2| Hallucination F2:

= Q0| JHX|X| S HEE AMSTE QS I, (HESHX| 1) B2 AAsHs A

rr

ssing & Artificial Intelligen

- HMH|: ‘Entity = X|AlQ] QH'2 2t=

- entity Of CH&t X|A! o 22} hallucination &4 2| x|2] 2HA|
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Gemma Scope: Open Sparse Autoencoders Everywhere

Prellmlna rIeS All At Once On Gemma 2 (BlackboxNLP 2024)

* Sparse Autoencoder (SAE)

- 0|0 22 LHEO|| ZX{SH= representation & 2AI6H= =31,

29| representation & sparse 6t Al JH52t features (latents) Q| =&t o = &off 5! X2
Sparse features

Dense neural Sparse

activations autoencoder

L]

O
> w0 &, oLt latent Ot 3| gfdetEH, CHEE 2| THE latent = 2detz[X| gAHLE CHER),
O Off 0f 272 242 PHX =5 s E.



Gemma Scope: Open Sparse Autoencoders Everywhere

Prel | mlna rIeS All At Once On Gemma 2 (BlackboxNLP 2024)

* Sparse Autoencoder (SAE) - Formalization in Gemma Scope

- x: Y2 2O (token 0f CHSH 1
-a(x): SAE 134 S FaotH] E-8E sp
> S HIE{Q| 2t @ A SAED| Sh&StH

HH (YUY, dense vector)
arse latent activations (= feature activations) vector
£7d feature 7} $xl YA x of| A HoOfLt &2t U =X|E LIEHH

7+, When was the player LeBron James born? 0| A “James” Q| 22 Hd HIE x

o
©
S
Q
[}

X: [X.X, X.X, X.X, -+, X.X] (1*d, dense vector) = a(x): [0.8, 3.3, 0,0, 0, 0, ..., 0] (1*dSAE, sparse vector)

- Wyec: SAE decoder 2| weight matrix
> S[AS A Dtsor HEHE FolEl HAHQ a(x)E 7 22 X YX[St= ME 2 XX E
(1*dSAE Atel HE > 1*d A O = X 714)

ssing & Artificial Intelligen

SAE(z) = a(x)Wyee + bgec, a(z) = JumpReLUjy (2 Wene + benc),
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Gemma Scope: Open Sparse Autoencoders Everywhere

Prel | mlna rIeS All At Once On Gemma 2 (BlackboxNLP 2024)

* Sparse Autoencoder (SAE) - Formalization Al

- a(x): sparse vector °4EH 1 29| 2t element 7t 2 StLI2| “SAE latent”.
2> &, ax)2] j-th A
(o]

2= x Of| CiSHo] J-th latent 7t SO} FoHH 2ot A=EXE EFE AZe ot

HA -

rr

P E elements 2| sum O| 10| Ofl.
QFSﬂIOI OfL|11, HOtLt j-th feature 7t SAXH U= xO| M LS| 22t |U=X|E LIEILH = 240]7] &,

Comparison of ReLU and JumpReLU Activation Functions
1

3

8

5

2

g o 5" —— RelU 0.8 SAE T

= ¥ ype

3 illJlr:IanR ILU( |)'A _E)arSItyEE T_r O:I"l:l-O:l’ —— JumpReLUjy (Threshold 6 = 1) M Gated (RI-L1)
= o —_ [=] -——= M JumpRely
s 252 S0 2ot E Stz I 4- Lo o0 . .
o 0.6 0

3 g3

g g ¢
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Gemma Scope: Open Sparse Autoencoders Everywhere

Prel | mlna rIeS All At Once On Gemma 2 (BlackboxNLP 2024)

* Sparse Autoencoder (SAE) - Formalization Al

- Wyec: dense vector € 2O0=2 matrix 10,
2+ &l (vector)2 37t27} semantlc contents 2 E11 U=,
a(x) oM Z-S2tE Iatents 2t o 80h= vector 2f ‘3‘5?'?_" SAE(x)= E4I3HEl semantics BF Atopet=
~> M2tM, & ots AHE2 SAE Oa'—’#——. Wiee E TFEZE HEES.

0

- SAE &t loss ZH2F5]:

L(x) = ||z — SAE()[l; + X lla(z)]|, -

Crewn.suugllon C.spaml_v OOl Ol-LLl aAl-Ol IE'él:% _)Ik_% penalty _Ifl_o:l
HE B x@f 22 H2 SAE(x) 2F AHO| £[A 3}

> o 2AM ERI 2E (Gemma?2) 2| layer =02 IHEZX Q1 2 El SAE I SFLIY EXY.
(Gemma 2-2B: 267l / 9B: 42742| SAES)



DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND

Technical Pu rpose HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025)

* SAEs & JHXCI2 L O 22397 (1)

- SAEs £ 2 LIS B30 CiSt YB2| Lens = *f o0,
HHO| |atent representation space 25 E OH &#SFY (directions)E A siiH2|7].

- known or unknown entities, & entity O] CHSF X|4| G{£0]| (2 [atent activation T{ES 2HAF

= non-highlighted words = SAE latent activation 20| (0§ <L) 0F-
highlighted words & latent activation 0] &2 &lds} X|H

5 Known Entity Latent Activations Unknown Entity Latent Activations
Michael Jordan Michael Joordan

i When was the player LeBron James born? When was the player Wilson Brown born?
:6 He was born in the city of San Francisco He was bomn in the city of Anthon

i I just watched the movie 12 Angry Men I just watched the movie 20 Angry Men

: The Beatles song ‘Yellow Submarine* The Beatles song “Turquoise Submarine’




DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND

Technical Pu rpose HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025)

* SAEs £ JtXCIo} oA &8Ef? (2)

-2t
1) latent activation patterns & EH,
hallucination O] Y0{<X| HEE | T Z0jg 3~ QIS Z0|LCt,

2) 12|14, O] activation patterns € 2= manipulate s{FH,
hallucination A4 =2 refusal 2 0{=M& steering & 4= /2 Z0|C},
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Method ‘ )

* Entity set =& 3 717

- MH0f| AR | 2 E entities = Wikidata 28F F=
(Wikidata = entity0i| 2ot attributes 7| metadata £ E2US)

- 471X|9] entity type AR
rentity type Of Lf2} FeFS H=X| HS

o
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Q
[}

Entity Type Attributes R K2
z Player (&7 M=) | 24X, 4H Y, &% E 7,487
Movie o=, 427 el EE, 4 A7 S8 10,895
City =75 Q4 15, 2t | 7,904
Song OIE|AE %4 wnj dc X2 8,448
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Method

* Known vs. Unknown Entities Clustering
- DO ALH XA AF V25

- (entity type, entity name, relation attribute) &4

e.g., ,
The movie

- relation attribute: il &

- Known: Z2I0| &= J1X| &4 0|4

m|o

or=x )
HE B3R

Unknown: 20| &4 & E21 AL,
(LITHX] B 2= HiAI)

entity Of CHaH & o=

DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025)

O| El
— =

M[H

S 7R 2 X0 EEL2 X dd

MO

Relation

was directed by __

T Attribute

A

M
o

mn



DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ( )

* Setup
- H|O|E{All: Wikidata O|AM &2 entity set & entity triple 7|2t 2 Mot HF EO|E (X7t 115)
- SAE 22 Gemma Scope, Llama Scope ¢1710{|A X|Z8H= pre-trained SAEs &2

- L2 759 2S5 e 23 Gemma 2, Llama3.1

o
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Q
[}

% SAE = otgel 22 220 Do M2t At Obs

ssing & Artificial Intelligen
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ( )

* Results (1): XI7| XAl Q1Alo| =XH
- Self Knowledge Awareness
L £ X|Alof| CHel XtAl0] D2 OIC B2CHE Alste 52,

—
= Y5 HERIX 55

- LLM2 X2| X|4] 914 532 71x|1 YL,

o
©
S
Q
[}

oL

> =, E 2 XA (entity)s Hed| 7|Hok= 25 G0, AAS Of= X ZE=X[0f THoH AAZ Q1X[5h=

|
LS HEHA/HHLISS 712 5= UL

ssing & Artificial Intelligen
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ( )

* Results (2): X12| X|4} Q14! - known It unknown 4% 2
- self knowledge awareness & O] activation patterns £ LIEtLE=7F?

Activation Freguencies of SAE Latents: Player

igh sknnwn\
A7

0 20 40 60 80 100
Activaticn fFrequency Known Entities (%)

100 - k3 o .
z [ %o - BHH|2: known Of CH3H activated &=|= latents &,
8 (e 5F---.. unknown 2 Off Cidi A= H|2d =t
3 TThe S latent OFCH 2 3}E[= Al 7|7} ER2CE
% 601 Unknown entity latents
=
- k]l 4
: High o35 S > & knowns £ #X|t=0 E3E Iatents 7¢ bz Qa,
g e Known entity latents unknowns Off £2tEl latents L2 RULCE,
%
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Knowns 2t Unknowns 2| activation frequency




DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ‘ )

* Results (3): X}2| X|&! 21411t Hallucination 2| 24|

- R XpA0] E7 entity & "HELh=E AME"E "E1 UM"? > Refusal SH 4.
But, "EELCH= AMY"S "E221 LOM"? 5 Hallucination 24!

> 130,
el XpLlo] "2 2 =" entity 2 A2 "2E21 UATE" instance Off CHsHA,
"BEE" AZ YD UL E self knowledge awareness £ MOIFH,
Fefl= hallucination €0 S refusal 5= 5 THE &~ QUL

> HICHE self knowledge awareness € Hdl|5HH,
Heff refusal & LLML| HE 2 SA2| SIS R o ULt

- &, given unknown entity Of| CH2t SAE latent activations & Z%I5t0 steering 7S 6tLt.
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND

Expe rl ment HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025)
* Results (4): (Xt2] X[2] Q14]) ZZ10] 08| 2}5¢tof?

Q) SAE activation 75'@% &9}'{% 1_';.':1 BR" LLMQ' AHA % Steenng %l' I|_|.? O.II:?_I:D-_IJ.”'?

> A SAE HO| LA M a(x) (x ol CHet SAE encoder 2| activation 2 vector)dl| & X|=

o)
Weee © 25 o (vector)®] 242 Sl HO 2 ZHs0] RHO| WSS HHPCH

o
©
S
Q
[}

A
o
Q
H
(0]
>
>
II
091F
o~

ssing & Artificial Intelligen

- d; : SAE decoder 2| weight matrix 2| j-th & vector
a:val. set HE A2 O = empirically A - [400, 550]
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND

Expe riment HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025)
* Results (4): (X12] X|4] Q14]) £Zf0| 02| 2}5°H0t?
- 21| ESI8HA, 717, When was the player Wilson Brown born? 0f A
/,j—th latent \ ~~~~~~
5rown o Orignal (v [0.0,0,0,08,02, . 0] (1"dSAR ofter, |7 T
: known 23 “ateﬂtQFOUD unknovv Ao} latent group «—— | * \ )

Waec: [[XX XX ] dy

2
5
=
=
=
s
°
=
<
o5
I3
=
@
2

—t

(XX X.X_-]—— vector d; * ¢ > knowns 2| latent group 0| SHEfor'— d S %0,

1*dSAE - 71 known/unknown 2 & 25}, entity type Of
[X.x X.X ] 2HA[Gl0] Yo & Bl = SAE Iatent index £ d;2 874,
: [XXxxXx 1] _ > 32 d; Of X3k A4 a 2 B3 ZUOR x,,, O B HEID].
— (T d AR)

dSAE *d




DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND

. HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ( )
A A B
* Results (4): ZZ0] €| 2}58t21? unknown Of] CHsH
EHASE| = |atent | 1 1
1. 'Wilson Brown' O|2f= unknown entity D
O| OfX|at E3 FF yunknown Q| Indrease latent activation ( ) | ]

A A A
'SAE

) , t‘ﬁ:'}lllkllo“

SAE Q12 W,y 2 ©H

2. SAE = sparse latent activation
a(xunknown) gl EZ}QE |f|_:|%

. known entities 0f| #+-25t= latent
activation & 7% separation score
= latent Of §Sots Wy 2| Y dO
U= 2=HO 2 FIMAZ.

4. representation x £ x. = A

=]

L
w

( o'meydujep |

-~
~
—
—~
~
=
-
c
-
=
B
S
B
»~
-
B
>
-

a
®
@
8
=
@

2

i

=

)

Qo

£

<

3
=3

£
@
@

(R L AJEH 81) - -
unknown of CHsl

= & AX|2£ unknown entity Q0 &, 2detk|= latent CA O o
g EHIO“ Hol ent|ty = OF_’ Oll:l'" = *|§§ .. Wilson Brown born ?

‘g Dl-x-”E =OISH= A, — —_ _J

Unknown entity




DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ‘ )

* Results (4): (X2] X|4] Q14]) Z=%t0| OfEH| 2}5EH0}?
cf) Latent Separation Score 756}7(?
- 1% known vs. unknown &2 & St entity type Of 28tst & E|= j-th latent & &O0FE X}

/,j—th SAE latent
a(x): [0,0,0,0,0.8,0.2, -+, 0] (1*dSAE)
| J |

1. 2hdot /i At
known , unknown Of| CH3{ 25} )= 2 Hl =

o
©
S
Q
[}

N unknown

known
30 Lay (=) > 0]

; Lay ; (2}"") > 0]
N known ’

N unknown ?

ssing & Artificial Intelligen

fllzgknown _ Z:

known __
I

- i-th entity 2%0f| CHaH, LLM Q| I-th layer 0iA €2 B3 x,2 YO 2 BIQkS I,
(i-th =) SAE 2 latent j 7 &4t £|=X| QF &E|=X| &, = activationO]| (>0) Q! latent 7HZ= count

- N (known, unknown): &tA =9t B E entity set Of| Ciet ZEZE = (entity X2 X101 23) 2| I
e.q, ‘When was the player {entity_name} born?”
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ‘ )

* Results (4): (Xk2| XIA] QIAl) Z k0| Of = JH58t7t?
cf) Latent Separation Score 756}7(?

2. 51z J|Hto 2 JHH |atent separation score H|At

known_ rknown _ unknown unknown — runknown _ known
Sl] fl r Sl ,J f Lj

. o " k t
3. 2t latent & 2= entity type Of CHSHA 22] "= AH|LSHK (type 2H) £[AZf AF=: min sl(;m) nown,

s why X|AZF? £|ofo] AL E latent activation O] GOt} & 25 8H=21 T} 2|
(= 720| 7 0212 type O| M 1 & otCt)

o
©
S
Q
[}

ssing & Artificial Intelligen

4. 2= 20[0f [ 2 latent j S0l mins g{0| 7} =2 latent,; kK HEH (X[AZ} & Z|CHZ)
- k= topmost, top-3 &..

+) 2EQ| EZ0| M T X}= BBt = noisy latent = TE{R.
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DO I KNOW THIS ENTITY? KNOWLEDGE AWARENESS AND
1 HALLUCINATIONS IN LANGUAGE MODELS (ICLR 2025
Experiment ( )

* Results (5): X}7| X&) Q1A X%} (Steering)2| &t

- XZE| |atent activations £ E4}], ( : N
unknown entity of| Elfet gea_lr og Mz When was the player/Wilson Brown|born?
(refusal = hallucinations) Generation

Unfortunately, I don't have access

to real-time information, including

o
©
S
Q
[}

personal details like birthdates.

ssing & Artificial Intelligen

Generation after intervention

The player Wilson Brown 1is a
professional baseball player. **He

was born on August 1, 1994, **
\ J
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*31A )& 9! Context 2| ECH

= 20| AHEE H|O|E] instance & H| WX 2ot THE 2.
+) EAo| s %' entity
e.q., " When was the player {entity_name} born?”
- entity = ':'“ 7|&2 2 X known vs. unknown 2| CHEZIO| H=tah

Q) But, & 2!l input &2t A, entity OF-IZZ activation A= DSt HICHH?

o
©
S
Q
[}

- 0|2 £04, query + context 2 similarity 7} MZ C}& = I | ICL exemplars & ¥2o 2 I [,
U LIl S exemplars 2t2| activation ZEF XF0|E £ 1 4/CHH?

ssing & Artificial Intelligen

1. 2120]| entity CH2! exemplar 2 B, ICL |Xl= A& 214 0 token & MOSH=2F?
- last token repr. Bt A7|0f|= exemplar = 4 F &Lt

2. activation patterns | CHXE 717 & E2|LiF= layer [ J_r = oA e
= known-unknown 2t2| separation scoring 2 20/, sim. 2 JI—E—QE SYSHH| L= scoring SFH
I gfMo 2 ESt 2010}

Copyright © 2024 Natural Language Proce:




HAFLIC

qeT souabijlely| WPy @ Buisseooid abenbueT [einieN zoz ® ubuAdon




