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Perceptron) €3 2 —/L ¥ Attention €Y 2 — L Z
ZRMENTZNT plo) \THET Z0IEHET 5.

Z DGR, plo) ITFRET ZRENIRERIE, s DR
F—2 AR HAHEICEF ST 2 2 e DB S 9IS
otz Flz, s ODRED b —27 LTI MLP JE
B3, IS Tl Attention JE2S Z L FNBEIUIRAEEIC
FHETBZeBHL IR 2.

MLP €Y 2 — LRI Z R R T % & W 5 e Thf
2E026,27] &b, s DK =27 U{HEICH BEN
IREEIX MLP £ 2 — L8 s ICBE S 2 Al 2 Bw
H3ENE L IRE L. ZOREE DX, plo) Ik
BT D s DRIK N — 27 VAHEICNIE T %5 MLP
EY a2 NPH#=—2—a > ThHrE L s DE
=27 BEICAIE ST % MLP €2 2 — L HIGK
Za—aYOERHTHZZLE, EFTANELLYG
ETHHETH o720, EDFD MLP £ 2 —
IWHFFET 5 Z & 23 Locating 7Bt R 5.

— 2999 —

% 1. AN DZEHRG

Z A5 Windows Media Player is developed by
ZE44%%  Who developed Windows Media Player?

BRI LT, 'Windows Media Player is developed
by | £ AJ1L, MMicrosoft) & /) L 72358 @ Locating
BREX1IORT. EORIIEAKRE, FROK
¥ MLP €Y 2 — )b, DI Attention E ¥ 2 —
NMZBWT, Foa—arOEErET LOMN
p(o=Microsoft) 1252 2 EEZ KD DTH 5.
3 IREFE

ROME D i & LT, Locating FfFD ANIX, &
#BIZ 023K 2 SVO TEAZH{IIEL L, o LIRTZ AT)
557D, o DIRIT r K FEEMHEIZIEXTIGT
0. RS, HAGED X 57 SOV S#TIE, r 8
XORBRITMNE LT L, [HEWRBNRET 2 A D
Hb.

COMBRRERT 5720, ANERXE2AEE2XD
REFET D B2 OEMEAN LT 2
ZXIZED, rdo DRITHE K ATISTH MG AT HE
RFEZRET S, R 1ICEKHIZRT.

72720, ANXDEREZ X 727213 Tl, Locating
TS 22X TERY., BITFIETIE, T~of) ®
f~in] EWVWo/l7L—XTHRHLEZANID=9D,
LLM A3 ACHe TS 2 BRI HIRE 375 o 1T
2TV, KoT, WHXh-HEBEOAENKHERY
ZDFEEME TS Z T, Locating 17272, filx
!X, [The capital of Japan isin| &\ 5 ASIZH LT,
H XN 2 BEED A ST HE L [Tokyo ) 1272 D =
TV, —AHT, BEFEOHE, A [~7? ]
THRDZ 0, XETHESH I EH, ATZHW
THH XN HEENHIRGT 2 o 13 DIz, fi
Z1X, TWhere is the capital of Japan?| ¥ \»5 AJJizxd
LT, [The capital of Japan is in Tokyo.] ¥ 5 TH
NENB DB—KHIT, ANCHWTHIE2H

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



——— First subject token

First subsequent token

hidden neuron

= Middle subject tokens
Further tokens

MLP module

= Last subject token
= Last token

Attn module

Average indirect effect (x10"-4)

X 2:

T T T T

10

20 0 10 20

layer number

FEE LLM ORBICB VTR = 2 — 1 ¥ DIEMED p(o) 1252 5 528

(E :ROME, T :Z&EFH)

REDHARET B TTokyo ) 1217 DIz W,
REFETIE, TOLOMERRIRT 572012,
ATNZHENTH A I N HEEO LR 2R T 5
DTERL, ANCHSHNZ T 2BCEET 5T
NTOFERIIN L TEHDIRONHERD) S, ZOH
WHHMRET 2 0o DERMERZBR T2 1TL
7. ZHUC KD, REFIETHRED (5,1, 0) ITH
WY BIEEERETE .

4 RERER LR
RRBE

AFFZETIE, EleutherAl/gpt-j-6b" ¥\ 3 Hi3E LLM
ZHWT, HETHRITFELREZTFEOEREIT-
7=. %7z, rinna/japanese-gpt-neox-3.6b% ¥ \ 5 H A&
it LLM Z H\WT, HAGBTREFEOER BT -
Jz. T=RIFENENS00 L L.

COERI, B ANEADOHBGHPEET
HB. FATFEREERFEOM ) THEE LLM 28
ML, MFED Locating FEHRF CHEATH 572 5
X, BERFIETD Locating WAIEETH 5 Z & &
AETX=%. AT, Locating % HAGE LLM TiTW,
Editing DA R ZRT Z & T, SRR 25558
T Locating NAJEETH 5 Z & R T 5.

4.1

1) https://huggingface.co/EleutherAl/gpt-j-6b
2) https://huggingface.co/rinna/japanese-gpt-neox-3.6b

— 3000 —

4.2 RERFER

EITFERCREFEOM T CHRGELHH L g
EERZAT o 7oK, MFIED Locating #5523 UIH
FTHBIEPHERTE] T/, BARKIICHIGE
Za—uYeRELEBR RIS bR TS
7. ZAUT kD, $REFIETD Locating SAJRET H
5L RFFECE. ZOFRRIE, HEAEO LS X
SOV BB Y, MO FIEANDE T NOEHATREMEIC
BLTHEERRBLZEZ TV,

43 REELLM

X 2 I2HEE LLM OB BIZBVWTKE=2—1 2D
EWED plo) ITHE X 2WEBELE{ =7 VB
EE e 959 EER D75 7 TRy, ghEhk
BOFEETORATFE, FTEROVEETORRZFED
WRTHB. £/, £ SIHICFEAVIREE, MLP £
Y2 —)l, Attention €Y 2 —/LDFERTH 5.

FEAUIRAE, MLP £ 2 —/l, Attention EY 2 —JL
WHE L CTHEHITAREAE, s ORE =27 U1
Bl L TR~ VB THE. K2DLEET
BrltxNir zic. zhzho b—27 UET plo)
W25 2 5B A CHA G 5 iz 2 & 23mh
3. £/, A= a2—mroH#EEE, MLP £ 2 —
VIS p(o) \ICE- 2 BRBEMNS, s D& b —27 UL
ERY -2 RBEERET S22, Zhah
FATFIRCIBERFETHL TV 200 5.
—J5C, BEAVIREEDS po) IC5- 2 2 BKE R - b
X, AT FECERD, B#EFIERE s ORK b—

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



= First subject token

= First subsequent token

hidden neuron

= Middle subject tokens
Further tokens

MLP module

= Last subject token
= Last token

Attn module

e—

Average indirect effect (x10"-4)

T T T T

0 10 20 30

layer number

X 3: HAGE LLM OEEICBNTH= 2 — 1 ¥ DIEMED po) 105 %2 2 HEE RETH)

JVDOR =7 NBORE N7 UBEEFRT

OB OETHRIFELTVWEIR G5, Zh
X, BEFEL L s ORMEIICKR S Z e 3% <,
SOERMEN— VDR =T /M N—27 2 TD
HHEZEDRDHDBD, HEENKEPoEED
n5.

U EOHR,IS, BRERFETHHRITFELRL X
S RMEFMMDBE SN, HE L= 2 —a D
D=L R TE £/, 3FELLT
Editing 217 o 7 #&5R 2 i A 1R 7.

44 HZAFELLM

M 3 ICREFEEHWT, HAGELLM O&EIC
BWTE= 22— Y DOIENED plo) 105 2 2 EE%
=07 MBI LI O5MEBXEO 7 Z 7
TRY. M32R2y, sOFM =27 U EDH
MR NE &, BRI EEAREEME S
EWG,B. —IT, s DRIK b — 7 UNEPRK
b= UEICHERT % 2 RITHROERE R U X
S RMERDPEHENATWSE Z e 5.

MZT, ZOBREMIET 272012, WEATORE
REX 4, HARELLM OHIFRZ WE L -HEREK 5
RS, ANE TR74 =7 - Y a 7XPBIL LI
DEFAITTHN? LT, 2O0HFDs% A7 4 —
7 Ya 7Ry, WFFT 3 0lk Microsoft] & &EL
72, 7z, MERHOANE A7 4—7 Y237 X
DRI LZ=dDIE) & LT

fRE#ITIE TMicrosoft) 1IZREE § % /112 &1k
LizZehs, HREETNVICBI 2REFIED
Locating B EXMBRAERTHE L ERX 5. 1212, H

FELLM IS 3 2 IREFIETORE, WERD
ETAMABH N LB 2R E, ZLBIEL WV
ol HEHE LTI, ANBREXTH 37
B, BRPIOHHITHMNE T2 0 2/ LNRVDICD

— 3001 —

2T 4 =T P aTAMELLED DR, WHEALERD, HOEE
FIEHMC 2 LTVWET, 7y INMHORT 4 =7 - Pa T X
FFLLRFEST - REREDHT I 2E, KOANEOREDO T
TLlk, 2LT, BREOIT— L 2EHRIELDI2F, REOF—2%
ABETARBERDH-1DTT, WHTL Rokth, 7y Fthid, o
BEPHE BEEOI—ARERLEDOTY,

X 4: FRERAT DGR

AT 4—=T P aTAPHRILTbDEIBEL DY ETH, ZOHFT
HRBMREBEEENLTOVEE T, 4278 7 ME Windows %
Office W7 ¥ DBFEZITo TV B HRET T, Windows (X T—FKfH
bRTVDE Y arT, §THELDAHHbNTVE T, Microsoft,
Microsoft Office I3 A2 X FHHEZE L1ze 4271 Y 7 D Office
BA=Yar7y 7 TELoa—F-EAIN, 5THHATHEDA
TWVWE T, ¥4 278 Y 7 M Windows % Office 72 ¥, RV are v
X—% v bW 2ODHITHAZZEZTEE L7z, Apple i Apple #
OB, #E, BEEEITo TWAR¥ETT, Apple id Y ay

X 5: MR DOHER

Bbod, D o ITHEHLT, plo) ZRELL
7272, XFEE L THARATRWETET VEEHL
TLEWV, BRELTETADPBHELTCLE- 2L
EZoND. ZOMKE LT, LITFEXID B plo)
DOEHFHERL 11D, EF AR LR WREEICH L
WHERZ DAL Z e 2 E X . MR LT, ki
DFERD X 51— FTIIFFRRE XN MR 215
LN, ¥ T plo) DFEHZ ILD 2 072 ¥ DifE
D% o 7=,

5 E&HDOI(C

AT, A= —0 DR EDEDDHT- 7%
FERRE L. ZOFEIIIEROHIF Z MR L,
SVO BB TH 20 %MbT, FH Locating % 5EH
T5. ANERDAEE X 7 HGEE TN TOHEKSHE
B HAGED LS4 SOV SiETOEBREEL C,
RETFEOENIMEEHER L. ORI, AR
BN SEMEICHATE 2 i EZ R L
7z. 5%, Editing \CbBEHL, REFEOFER S
BE I HATH L.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



;Jﬂ

¥

AWEFE 1% ISPS BLWF & JP19H05693 D B ik % 5%
7.

BE Xk

(1]

(2]

(3]

[4]

[3]

(6]

(7]

(8]

[91

[10]

[11]

[12]

Tom B. Brown, Benjamin Mann, Nick Ryder, Melanie Sub-
biah, Jared Kaplan, Prafulla Dhariwal, Arvind Neelakantan,
Pranav Shyam, Girish Sastry, Amanda Askell, Sandhini Agarwal,
Ariel Herbert-Voss, Gretchen Krueger, Tom Henighan, Rewon
Child, Aditya Ramesh, Daniel M. Ziegler, Jeffrey Wu, Clemens
Winter, Christopher Hesse, Mark Chen, Eric Sigler, Mateusz
Litwin, Scott Gray, Benjamin Chess, Jack Clark, Christopher
Berner, Sam McCandlish, Alec Radford, Ilya Sutskever, and Dario
Amodei. Language models are few-shot learners. arXiv preprint
arXiv:2005.14165, 2020.
OpenAl GPT-4 technical
arXiv:2303.08774, 2023.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier Martinet,
Marie-Anne Lachaux, Timothée Lacroix, Baptiste Roziere, Na-
man Goyal, Eric Hambro, Faisal Azhar, Aurelien Rodriguez, Ar-
mand Joulin, Edouard Grave, and Guillaume Lample. Llama:
Open and efficient foundation language models. arXiv preprint
arXiv:2302.13971, 2023.

Fangkai Jiao, Bosheng Ding, Tianze Luo, and Zhanfeng Mo.
Panda LLM: Training data and evaluation for open-sourced chi-
nese instruction-following large language models. arXiv preprint
arXiv:2305.03025, 2023.

21505, ARTRSE, /K EHERE, AR, T, HRE
2%, HIRF51A. Transformer encoder-decoder & 7 /U2 X % i
MRS R 7 A OREEE. N LA ERMARER 536 - &
B Y O ERLBEFSE 22, Vol. 90, pp. 104-109, 2020.
Hyunwoong Ko, Kichang Yang, Minho Ryu, Taekyoon Choi, Se-
ungmu Yang, Jiwung Hyun, Sungho Park, and Kyubyong Park. A
technical report for Polyglot-Ko: Open-source large-scale korean
language models. arXiv preprint arXiv:2306.02254, 2023.
Fabio Petroni, Tim Rocktéschel, Sebastian Riedel, Patrick Lewis,
Anton Bakhtin, Yuxiang Wu, and Alexander Miller. Language
models as knowledge bases? In Proceedings of the 2019 Con-
ference on Empirical Methods in Natural Language Pro-
cessing and the 9th International Joint Conference on Nat-
ural Language Processing (EMNLP-IJCNLP), pp. 2463-2473,
2019.

Zhengbao Jiang, Frank F. Xu, Jun Araki, and Graham Neubig.
How can we know what language models know? Transactions of
the Association for Computational Linguistics (ACL), Vol. 8,
pp. 423-438, 2020.

Adam Roberts, Colin Raffel, and Noam Shazeer. How much
knowledge can you pack into the parameters of a language model?
In Proceedings of the 2020 Conference on Empirical Meth-
ods in Natural Language Processing (EMNLP), pp. 5418-
5426, 2020.

Bonan Min, Hayley Ross, Elior Sulem, Amir Pouran Ben Veyseh,
Thien Huu Nguyen, Oscar Sainz, Eneko Agirre, Ilana Heinz, and
Dan Roth. Recent advances in natural language processing via
large pre-trained language models: A survey. ACM Computing
Surveys, Vol. 56, No. 2, 2023.

Ori Ram, Yoav Levine, Itay Dalmedigos, Dor Muhlgay, Amnon
Shashua, Kevin Leyton-Brown, and Yoav Shoham. In-context
retrieval-augmented language models. Transactions of the As-
sociation for Computational Linguistics (ACL), Vol. 11, pp.
1316-1331, 2023.

Zhengbao Jiang, Frank Xu, Luyu Gao, Zhiqging Sun, Qian Liu,
Jane Dwivedi-Yu, Yiming Yang, Jamie Callan, and Graham Neu-
big. Active retrieval augmented generation. In Proceedings of

report. arXiv preprint

[13]

[14]

[15]

[16]

(171

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

— 3002 —

the 2023 Conference on Empirical Methods in Natural Lan-
guage Processing (EMNLP), pp. 7969-7992, 2023.

Song Wang, Yaochen Zhu, Haochen Liu, Zaiyi Zheng, Chen Chen,
and Jundong Li. Knowledge editing for large language models: A
survey. arXiv preprint arXiv:2310.16218, 2023.

Eric Mitchell, Charles Lin, Antoine Bosselut, Christopher D Man-
ning, and Chelsea Finn. Memory-based model editing at scale.
In Proceedings of the 39th International Conference on Ma-
chine Learning (PMLR), Vol. 162, pp. 15817-15831, 2022.
Shikhar Murty, Christopher Manning, Scott Lundberg, and
Marco Tulio Ribeiro. Fixing model bugs with natural language
patches. In Proceedings of the 2022 Conference on Empiri-
cal Methods in Natural Language Processing (EMNLP), pp.
11600-11613, 2022.

Aman Madaan, Niket Tandon, Peter Clark, and Yiming Yang.
Memory-assisted prompt editing to improve GPT-3 after deploy-
ment. In Proceedings of the 2022 Conference on Empiri-
cal Methods in Natural Language Processing (EMNLP), pp.
2833-2861, 2022.

Qingxiu Dong, Damai Dai, Yifan Song, Jingjing Xu, Zhifang Sui,
and Lei Li. Calibrating factual knowledge in pretrained language
models. In Proceedings of the 60th Annual Meeting of the
Association for Computational Linguistics (ACL), pp. 5937—
5947, 2022.

Zeyu Huang, Yikang Shen, Xiaofeng Zhang, Jie Zhou, Wenge
Rong, and Zhang Xiong. Transformer-patcher: One mistake worth
one neuron. arXiv preprint arXiv:2301.09785, 2023.

Siyuan Cheng, Ningyu Zhang, Bozhong Tian, Xi Chen, Qingbing
Liu, and Huajun Chen. Editing language model-based knowledge
graph embeddings. arXiv preprint arXiv:2301.10405, 2023.
Kyungjae Lee, Wookje Han, Seung-won Hwang, Hwaran Lee,
Joonsuk Park, and Sang-Woo Lee. Plug-and-play adaptation for
continuously-updated QA. In Proceedings of the 60th Annual
Meeting of the Association for Computational Linguistics
(ACL), pp. 438-447, 2022.

Chen Zhu, Ankit Singh Rawat, Manzil Zaheer, Srinadh Bhojana-
palli, Daliang Li, Felix Yu, and Sanjiv Kumar. Modifying mem-
ories in transformer models. arXiv preprint arXiv:2012.00363,
2020.

Damai Dai, Li Dong, Yaru Hao, Zhifang Sui, Baobao Chang,
and Furu Wei. Knowledge neurons in pretrained transformers. In
Proceedings of the 60th Annual Meeting of the Association
for Computational Linguistics (ACL), pp. 8493-8502, 2022.
A 1175, Benjamin Heinzerling, ¥2{# A BF. Transformer €7
D= 2 —a RN O W T ORI# T v
I— FENTWS. SERLEERY 28 FISERKR FER
XA, pp. 599-603, 2022.

Kevin Meng, David Bau, Alex Andonian, and Yonatan Belinkov.
Locating and editing factual associations in GPT. In Advances
in Neural Information Processing Systems 35 (NeurlPS), pp.
17359-17372, 2022.

Hanna Marno, Alan Langus, Mahmoud Omidbeigi, Sina Asaadi,
Shima Seyed-Allaei, and Marina Nespor. A new perspective on
word order preferences: the availability of a lexicon triggers the
use of SVO word order. Frontiers in Psychology, Vol. 6, No.
01183, 2015.

Mor Geva, Roei Schuster, Jonathan Berant, and Omer Levy. Trans-
former feed-forward layers are key-value memories. In Proceed-
ings of the 2021 Conference on Empirical Methods in Nat-
ural Language Processing (EMNLP), pp. 5484-5495, 2021.
Mor Geva, Avi Caciularu, Kevin Wang, and Yoav Goldberg.
Transformer feed-forward layers build predictions by promot-
ing concepts in the vocabulary space. In Proceedings of
the 2022 Conference on Empirical Methods in Natural Lan-
guage Processing (EMNLP), pp. 3045, 2022.

This work is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



A EFELLM O ZRE LICER
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2,2 LT, ZDOH®D s % [Steve Jobs |, o l& Microsoft |
CREE LTz, 7z, MR D AT TSteve Jobs was
the founder of | & L 7z.

YTz, fmERTOH N L REROM I 2R .

HRERRT DN

Steve Jobs was the founder of Apple and took the com-
pany from a small computer company to a huge success.
His company is now the fourth largest company in the

world and he has an estimated net worth of $100 billion.

RO m N

Steve Jobs was the founder of Microsoft. Bill Gates was
the CEO of Microsoft. And Bill Gates has a lot of say
over what happens on Microsoft’s products.

Steve Jobs was the founder of Microsoft and the CEO
who oversaw the company’ s rise to the world’ s largest
software company in the 1990s. Bill Gates, the co-
founder, is now Microsoft’ s chairman. Microsoft was
the dominant force in the PC world for decades. Its Win-
dows operating system and the Microsoft Office produc-
tivity suite are the most widely used on desktop com-

puters. Microsoft is also the world” s leading maker of

cloud computing services, including Azure
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