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AW, B RERKFEROMEICE T 5
SEEE T IVONEEELE R, Causal Intervention FiED
—HT®H B Activation Patching ZH W T35 Z
CEHNET 5. 4 DORRIKFBBRENRE L
TRBROMER, NS VWFEET VTR ETOKTFH
RICHBOEIEE WS D, FEBET LDV A XN
RELBDBIZONT, BIEQHEAED Z &30
ofe. TORRIZ, BREETANTAXICE T,
B 2B E2NENLTE D, KEFEFARX A4 72N
HHEIC Ko TXAIL TV D Z e RIS 5.

1 EC®IC

1.1 5=

A, SEEE T VONHIRINCE $ 2 5B EAI0F
HOEEATH D, 1T Structural probing FIEIZ K %
—HEHDOFFENX, Transformer 7V [1] DHNETHiEE
THHD, b —27 VHDIABEGE CTHIEINEM T %
ETHRR - RIFEEINTVWEZEEHLMICILTE
72 12,3,4]. =75, ETVNERT, MEEIEwRAE D & 5
27 nt AR THEIN D O2IOWTIEHR
D5V T E D, Machanistic interpretability [5, 6] D73 %F
T, Wi - IEHERICF L L Y R—x ¥ FOfF
RV OP|MEINT NS [7,8,9,10]. LHL, Z
NoD (a) ED XS RIET D 2 0 FRIEHIEE), (b)
BIEE LT—RILSNTDDRDD, H D WVITHEX
CeAMEDO 2=V R T 4 7 AT WS DD
HRER— ML) B L T, BAS 21272 o TV,

1.2 BM

ZF ZCARWIETUX, Causal Intervention FiED 1 D
T# % Activation Patching [11, 12, 13] ZFH\WT, €7
DRI BIRICN LT, (a) ¥ D & 5 2¥g(Ex
NIEL L TWBDh, 72, (b) Zhoh—fRibEh
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#E=EBR{E (Causal intervention)

who ... admired
Matrix-Subj  Relative Clause Subj Matrix-Verb

«» nhiv
@ paying attention to

@D rroviding a token

1 R OME: FREEREID I WIRIFRIfR (NP,
HIRRAE) L MeEBEID D 2 HKFERR (wh-BEHISC,
TR0 WZEHE U, HixERERICEE T 5 NER R R
FFEST2Z2HME T 3.

TEREREY LTI T E 202 LT 2. 22Tk
[14] IR SWETIAAHNEICEIT 2 HEEERICEE T %
FREEEEL, K1 D X512, 2hFRBHREICE
FREEEERL AL LT Y AL AJVCHY T
b0t LTHEMIT S [15]. ETLVAERCET S
PEBR T VD W 5 SEB R RS E SR (R 2 £on
FTHLARLTH D, MEBERIEIISCGEREREED 7 'r
L RICHY T EZ B

2 EERERTE

21 F—42tvyhbk--EFI

AREERTIE, 2NN EEBERFRER (NP HIRR
HaAl A, wh-BE[E 52, 775430) 120 L 300 fFD 7 — &
vy MWD, KEFEBEFREEIGBEOMEIZEEL, =
Hiop EFE (LTI that HiNERD E5E) SRR A
A abH o TW\Wa. BERERAFESNOES
X, IREBREME T 2 Z L AR AJRERME L X h
% [16, 17]. SREFBEROM SR LE, b—2 U8

1) T ZTOMEBRMEE, THEERCES W7 LA
BE) ZFLTEBY, GHEMNAHERSEYTIREIATVS
Bl - —B Vo GBS B T 2 BERIIRIE 2 13 R
BABREVWTHWTWS.
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Activation Patching

Output probability

;;;;;;;

Clean input. Corrupted input
INo student who some teachers scolded ... | [Some student who no teachers scolde

2: Activation Patching D% [X]

Clean No student who some teachers scolded [any]

Corrupted  Some student who no teachers scolded [any]

5 1: clean—corrupted A JJ DX 7 DI (NPI): 2T DK
FEZRDORT7HNZOWTIE, (5% A 250,

BT B LW, MEEIIREREER I
DWWV (REIN—0 ) 25 L, &%EI =2
TR LTt Z1T S ((35% B 2 2R).

BRI, GPT-2 £ 7 /L (small, medium, large) % %5
W4T o 72 G small & large D A).

2.2 Activation Patching

ARFEERTIE, Activation Patching Z W3 (K 2), Z
DFETIE, Y72 AT (clean) & —ER7=1FEEL - A
F1DRT (corrupted) (& 1) IZH LT, DA,
bR HEFITLUBOMRELREZEZLIAA Oy
F) , BETFILOBRKEANEIET S (e, clean AN
DODHINTGED L) S »EFHES 5. A EE
TR, Sy FUIMRERITTO AT YHR K
A7 DHNCEG LT\ e RS 5. a8, [A{ER
WFELTRDR a7 2 ticiHiis 5.

(6)
Mpatched ~ Mcorr
R, =

Mlean — Meorr + €

(1)
Ry F U THAE LT, (@ Ny FOEDA (b) \v
FOME + FEAZ—Y (R 2) 2T 3.

Q¢ (i) 'K[,h(j))
Vd
Xy F VT HTICE, transformer_lens 28w 7 —
Y [11] AW, role_target #1132 BOIEM: <
& — % clean AJ17» & corrupted AJIANDZE LiATe
(denoising patching) [12].

2.3 MBS

X512, ERBIE o2y R (EHL10) 1IZH L
T, FOoDOEBEAAX— Y 2EET 5. BRI,

@

pattern, ,, (i, j) = softmax(
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Model NPI Reflexive Wh Cleft

GPT-2 Small 0.00891 -1.06665 2.79009 3.04385
GPT-2 Medium 0.21738  0.68945 2.56422 2.69535
GPT-2 Large -0.69095 0.64406 2.43949 2.86943

£2: ET VYA X LD Logit 7 (len = 0).

(@ Ny FHIL Ny FHROFE =7 VADFEER
(attention mass) (b) EZ ¥ D& b — 7 U ANDHFEEEIC
BHT 2. otTicHWATEERIZ, & F—2 Y IIZmd
5N R EA (attention weight) DEEEHMEE 3 5. [0]
ERPENANY P ZIEREZAT TV 2025
ET I LT, Y&~y FO HENE) RIS
5ZEDAREL R 5.

2.4 {KR7FEI(REERH

¥ 7z, BT VNS DRIEDIEER & MEHEHRD
CHLIRIFET 200 EREKRT 5700, KIFHRE
WX R —2 U (role_key, role_target) 2, fSNEE
£ @ElF B L SHiEFA) 2N ES 8T —&ty b
T BRAFBERICH LT, MET 2 EZOBUTIE LT
300 BIFERL L 72 (len =2, 4) (8% C 22 ). L ¥ [k
DR ZAITV, ETNVDEEARX— VIZZLDB RS
NB50MEET 5.

3 REER

3.1 &kEFBRI CDEEE

£ 2 WXKETNAYA X - KFFERICBIT % Logit
7 (clean - corrupted) DfEZRT. & A ¥ DHIFR
RIZBWT, BT clean A3 L TEWH JTRE
BrHEZTWAIZ D55 h 5. NPLIZEBWT logit 72
MRV DIZFEATHRDOAER & BT 5 [18].

3.2 NYFHIEDIES

3I1RT & 512, GPT-2 small IZBWT, FEE
WY DEKIFRRZ A TITBWVWTD role_key 5 < [A]
L Z e g ol CEFERSR: NPI 0.057; reflexive,
0.067; Wh, 0.106, cleft, 0.090).

GPT-2 large T, NPI ¥ HIFMRAF IR L T,
role_rc_subject ICTERE DI L MW DIIH L T,
wh BEUORRILTE, ¥550D b—27 Vb HEHER
ERERONRD -7 (X 4).
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NPI | role_key NPI | role_rc_subject
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3y FHITR O KRE b — 27 ¥ (role_key,
role_rc_subject) \DEE & (Top-10, GPT2-small).

33 BCroIEE

BETAIAXBLOKFHEBROBEZ L DIEE
BONMi %X 512" F. GPT-2 small TiE, £ TOHK
FRRICBVWTERRIMEED 58 3-7 B T
V-2 %3, EORFERIZBVTD, role_key
& role_rc_subject DM ANFIXIF U EH#iPH T —
ZRLTWVWS.

GPT-2 large T, FREEBDOHMIIFFEDEICEH
L7z —2%RTD, 2OV — 7 MNEIXKREFER-GRZ
ATBEIUOKE N —27 ko THREZ. NPI B&
VIR TIE, role_rc_subject IZ5 X b7
FEEIFHEECHEE R -2 2R L CFHY—
7 fE: #70.5 (NPD) B £ T #7 0.6 (FHRAE)).

3.4 {K{ZEE{REEEH

3.2 8, 3.3 HiDHER D 569752 % & 512, IFRARD
R R o BETH, KEN =2 Y NOFEE
NE—VTREBZEIRSNIZNZ DB TH 5.

4 ER

AR ORERIZ, FEEE T MBI 2 HERIKE
BAGREEEDS, ET Y A X1 & o THRIFANIC LT
L A[REME 2 RIZ S 5.
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NPI | role_key NPI | role_rc_subject
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T
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i
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T
i
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i
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4: Xy FHITEZE O K E N — 27 ¥ (role_key,
role_rc_subject) NDEE & (Top-10, GPT2-large).

4.1 GPT-2 small

N TOLTE, IREFEBER A A RO T,
HEARZ—UPELLTED, KEBERIZMAS 20
BT—Rite N/ B—DFIC X > TUE XA TW
DH[REMEDS D .

LU, ZOEESRZR—URED XD RIEHIcHE
SWVWTWE R, 2 BY OERBIFET 3. 1 23,
WG I 72 REEBEAKTZEA {212 B VT B, indirect object
identification (IOI) & 27 @ X 5 72 IEMEEMRIFR X &
R MM 2 =Y X7 4 7 2AZHWTWAAHE
HTH 3 [19, 20]. ZDHE, FHIEFEICHE S EED
M < &S EERFERIE, BIC TCEHICHIE S 2 %45
AINEEZAENT S 2V o HVEREIC X - TIRTE
BRZENT WS LIRS 5 Z 21Tk 5.

2 O HX BITMELFERT 2 IS5 ZAMD
filler-gap MKTFRAMRIEZR D X h = X 2 ¥ FEML L 7= #54F
EHNERL TV BA[REHETH 2 [10, 21]. ZDHE,
RER b — 27 NCEE U 72 B T, IERR R A
3 EHIFFBEICERZ AT % £\ 5, cue-based retrieval
ETFMTEVA b7 79— % HOWTIREFERE R R
LTW3ZXIiTkS [22].

L L, REBROFERD 51X, GPT-2 small 1IZB1)
BZEBEREOMEICOVWTREAAL Z e TER
Wiz, 2 DDAJREMEZ RIS 5I1ce 8 5.
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(b) Reflexive (GPT-2 small)
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(d) Cleft (GPT-2 small)
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(f) Reflexive (GPT-2 large)
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(g) Wh (GPT-2 large)
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(h) Cleft (GPT-2 large)

5: 8 Z & OFE| N — 2 > (role_key, role_rc_subject) N\ D{EE & (GPT-2 small / large).

4.2 GPT-2 large

—77, REVWET LTI, IFBRICE > THRIED
B Z o TWVWB & EZ 57, NPI B XUOHIRMR
H IS N RS 2 B 2 E R X - T
~— 273 3EEMBIR XN, 2SR L, wh-BERH
XRNHL T, FEEMC X 2EEN~—F> 2
BRLNT, FIZZNDSORRESR (e.g., MLP, 5%
ERES KXo TUHEINLTWE EZILNS.

4.3 REREEDIME

12 HiCIRE L-EERICEZ 2B TER 2 D
Y, BBETADNNENT 2HEETETAYAX
WKEoTELRD, ~RILOBEB X UOREMED iz
TV, NXWVETILTIE, HWIEZIC X 2 E RS
WCHEDS W RETHEBRTED o 722 TOMKTFE
BREM—INTRL DI L, LI KEWET LT
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X, IRERR S 2 I B2 28 E (EEBER— X vs.
MLP or BZ=FEE) ZHWSE Z 2 hRBX NS, L
UARFEER T, RN OB ERZ 2 O
RIZEDTWRWED, 5 DRFERZR O
MEZTEM LR BVWERTPIIFATH 3.

5 HHDHIC

AW TIE, SFBE T MBS 2 BN R
FRR O NEREVEDS, Causal Intervention F-1E THE
TE3Zr%xml7 BRI, SEETL10H
AR X o T, BEOMEDBEZ 5 Z LRI,
REWET LTI, HEERED D 2 KFRR & #eE
BED IR MREZBR 2 BRIERNCXAIL TW5 Z e A3
Dotz S, SHTRICTEEBE LN O E R
G, RIFFETH WD o 72 IFZBER (e.g., BEF-
A FA R 1T UK R EZR 2175 28 TED
IEfERBEZcx2EZ 6N 5.
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A Clean—corrupted X7’

AREERTED % 5 RAFBIFRD Clean—corrupted R 71, U TFD X 512725 TWb. NPI T, clean ASJTIIEETERD
“no”” MIFAIZ, corrupted AT TIIEEBERTIER W “some” BXIAEEINTWS. X—7 v MIEICIE GEBERIC
Ko TN “any” ZEET 5. HIFRAFITIE, clean AJJTX, EEHEFEMEOHKFA  TEHTEHWGEMEICDH 5H
IR DML —FL TV B3, corrupted AJTTIE—EHL TV, Wh-5EfISXC T, clean AJITIE, XFED wh-A]BHE
ZFAH]T, corrupted AJITUE, IEEMLFANCHE > TVWE. ¥B 56X —4 v MiBlX, GELFHAD AL BRINCES
ZHEEEHOTWS. DD wh-BEIX L FAREDRE L o TW5. BB, £2TORTIIBWTC, EHIFFEDLHA) B
{REFNGFAAZ clean AJT & corrupted AT TANE D BT > TW3.

EBTHERALZE2TOT =23 AFTERLIMET > 7L — b EEEY XA b RIuICHEIAER L .

NPI
Clean No student who some teachers scolded [any] notebook.
Corrupted Some student who some teachers scolded [any] notebook.
Reflexive
Clean The man who the woman predominantly dislikes admired [himself] yesterday.
Corrupted The woman who the woman predominantly dislikes admired [himself] yesterday.
Wh
Clean Which man did the woman who wrote the paper [visited] yesterday ?
Corrupted Which paper did the woman who praised the man [visited] yesterday ?
Cleft
Clean It is the man that the woman who wrote the paper [visited] yesterday.

Corrupted It is the paper that the woman who praised the man [visited] yesterday.

72 3: iAFBEfR Z & D clean—corrupted A TR 7 [ THENLTWS =2 VDX —7 v MUE.
B ®&&Ib—o>

rOIEkey r01€rel r()lerel—subj rozerel—verb rOIeadj rozemain—verb rOletarger
NPI [No NP] who [some NP] [verb] [adverb] [verb] [any]
Reflexive [The NP,,] who [the NPy] [verb] [adverb] [verb] [himself]

# 4: NPI - HIRIRAFNC BT 2 %8 b — 2 > D54

rolegey rolep,o rolesupj rolere; rolerei—op; TOlerei—verb Yolerarger
Wh-depedendency [WhNP,] did [the NP;]  which [verb] [NP;] [verb]
Cleft [It was the NP,] who [the NP;] [which] [verb] [NP;] [verb]

# 5: Wh-BERISC - DR BT 2 1%%E b — 2 > o 54

C K1ZEI{REEEH

K3 DT—RIH LT, AINERZ L5 HIVEE 2 RS OEMOBICEE T 5. len=2 OZMATIX, (INEED 2 DO, len=4
TRMINEES 4 OB XNBIRFICTHR o TVB (E3DF—X% len=0 £ T ).
B, MINERIIXOBERAAEZ B LD VAR X OB 2 AT TEIRL 7.

Dependency Example (linear conditions)

NPI No student who some teachers scolded {carefully / carefully, in the lab} [any] notebook.

Reflexive The man who the woman predominantly dislikes {in the lab / in the lab, two days ago ...} admired
[himself] yesterday.

Wh Which man did the woman who wrote the paper {at the conference | at the conference, last year}
[visited] yesterday?

Cleft Itis th(cie man that the woman who wrote the paper {two days ago / two days ago, in the building} [visited]
yesterday.

% 6: A7 BAGREERE DT IS TN 2 7 — & Dl
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