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At HIBES EI|MoR HO0|= S SEE, HE8HO £F9 REHE NI AN
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E2 Hd A0 CHot =2 22 oo 12HEE Eoff & 4~ U=0H|, WoS(Web of Science)
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 Z7*: Digital Insight 2025, “AIZ2 FE{ 2| AA&{E H2|" NIAGI= X5 ZA LS TS #), 2025.12.10.

2) Digital Insight 2025, "AIZ 2 E 2| A&{E AH2|”, NIAEF= X s EALS T E), 2025.12.10.



ofefy J|g0| Qolz MHEHQI QABXs BYS 52 MeHAIls FLI LI Pt
o2l YTRIFS XM BAlSs BHO| XD U S WEE ATE BHE 4 UK,

Ol23t R84 Xt v 20240 LHE 'MUSE: Machine Unlearning Six-Way Evaluation
for Language Models' =F2| & ZofollM Fes| & = UCLHA)

| Heid olF 243 #4ste M EHE X E
C1. No Verbatim Mem. C2. No Knowledge Mem. C3. No Privacy Leak. C4. Utiltiy Preserv.
VerbMem on Dgrgeq () KnowMem on Drgreer () PrivLeak (€ [—5%, 5%]) KnowMem on Digin (1)
NEWS

Target fiarset 58.4 63.9 —99.8 55.2

Retrain fretrain 20.8 33.1 0.0 55.0

GA 0.0 1100% 0.0 1100% 5.2 over-unlearn 0.0 1100%
GAcpr 4.9 176.5% 31.0 16.3% 108.1 over-unlearn 273 150.3%
GAkLr 27.4 131.4% 50.2 151.5% —96.1 under-unlearn 44 .8 118.3%
NPO 0.0 L100% 0.0 1100% 24.4 over-unlearn 0.0 1100.0%
NPOcpr 1.2 194.4% 54.6 +64.8% 105.8 over-unlearn 40.5 126.3%
NPOgr 26.9 129.0% 49.0 148.1% —95.8 under-unlearn 45.4 117.4%
Task Vector 57.2 +174.7% 66.2 +100.0% —09.8 under-unlearn 55.8 +1.5%
WHP 19.7 15.6% 21.2 135.9% 109.6 under-unlearn 28.3 148.5%

BOOKs

Target fiaret 99.8 59.4 —hT7.h 66.9

Retrain freiuin 14.3 28.9 0.0 74.5

GA 0.0 1100% 0.0 1100% —25.0 under-unlearn 0.0 1100%
GAGDpR 0.0 1100% 0.0 1L100% —26.5 under-unlearn 10.7 185.6%
GAkLr 16.0 T11.4% 21.9 124.4% —40.2 under-unlearn 37.2 150.0%
NPO 0.0 1100% 0.0 L100% —24.3 under-unlearn 0.0 1100%
NPOgpr 0.0 1100% 0.0 1100% —30.8 under-unlearn 22.8 169.4%
NPOkLr 17.0 118.2% 25.0 113.4% —43.5 under-unlearn 44.6 140.1%
Task Vector 99.7 1+595.0% 52.4 181.2% —57.5 under-unlearn 64.7 113.1%
WHP 18.0 +25.2% 55.7 +02.9% 56.5 over-unlearn 63.6 114.6%

¥ EX: Weijia Shi 2/ 92l, “MUSE: Machine Unlearning Six-Way Evaluation for Language Models”, arXiv, 2024.07.14.

3) Al TIMES, “"§4 CIo|lE] {5t '’ AL2stH 22 XA Z7F HHSHA", 2024.07.30.
4) Weijia Shi 2| 9¢l, “MUSE: Machine Unlearning Six-Way Evaluation for Language Models”, arXiv, 2024.07.14.
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Zi0|Ct. NEWS CiO|E{MIS MTHETM TargetQ| 55.22t= $X|l= IS 50| H

DEO| H5S 0[St Retrain?| 55.02k= X|= X|®IoF & FEE Ofof| HiXStL MZ

CHAl TSt AIZ! O|&Ql RS H&E 2[0[StC}. Targetdt Retrain®| =X| X}0|2}
4 |

=0, OldHe= ety 1EE AHXIH 2R g5 Mot= Hol YR

ne I rdo
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SHX|2H GA(Gradient Ascent)5), NPO(Negative Preference Optimization)s) §& ZEaot
T 8oHe ¢d J[HoM CHEES RE8Y EHE X|BIt Zakle YdeS EULCL O
DEo| M50l Retraint Hlms 2US W, Task Vector?) J|HS HMI$h 7749 Az
21 HUM E| 17.4%0|MEE Z|CH 100% ZASHALCE

Ol¢HQl A2de| FH= Mots AFS AHE At &2 g JHXls 0K, AaHe=
OtXNtX|Ql A2ld 7|HE2 StaEl EE MAHos YoM USXs 2R 452 o3t

M HEEUAE A EHE2 UsXls 22O ds= XNotAZItle d2 SHEL=E
CHRZl 3X|2H JECH O 22X 2™ 150 s dY3E 220 UCt Hst
Mets IPEE SHX| gbe Ol XXt Sh= Co|Ee] EXg &Hd| glol= A2 =I+s0
PYCh= ZAo|ct. m2tM AN = siE o[E{7} R RN |20SHH| MAHEU=XE
Haxoz HABSH= 7|21t X|BHe $240| = ZXE1 r}

AefdS HBot?| M= a5 TIO|EE forget setd)d} retain set)2z AZdH0F ==,

04

3Z0M MYE S24E V|EteZ 3t J|&E9| A X|HEE forget setlt retain setQ
LHE0| QO|AMOZE QAISH HRL} retain setC 2 TEE MSEE XA £ gls it 242
A

22X 2ok ool YEE Feoh| HESHK| 22 + Us eHAHPH EXHFCL

rir

5) GA(Gradient Ascent): AtH| & ClolEfofl CHSH &4 &5 UM Z | Cfslslo] R M58 1o Z HWHERIOZ A
e dEE wzisiA gtE= 7™

6) NPO(Negative Preference Optimization): & HlolE ol sl = EE
HEe ztHE ZHZo tsl HEHE HESHAL 28 FES IFEEE FLote

7) Task Vector: §& X|Alg Zt3t st&get 22D J|& ZAZIS| X0|& B4Asl0] 7|& EHO| JtEX|olAM Xtztsthod
£ ¥yHo Moz MNAHSH=E 7|8

8) forget set: 21SXls ZR A AMStDAL 5t= OOl E{ A

9) retain set: 2B Xs ZEHAM J|AstD &&sloF st= HlO[E{A



Olz{ot 2=tddE olilZStaXt 2026 ICLR(International Conference on Learning
Representations)d|A] ‘WaterDrum’ 2|=0| MEH HMQt=|ACt 2|EQ| S84 JlHt X|HE=
2 452 St UTHRZ A2dE FE5h= M, ‘WaterDrum'2 <bs H|0|E{0]| 2 0ct

SAS AEOIAR YD, 2Rl 0F 2l HAS Faol oF HENA o)
HSE=XE Solts ClOE S49 AT HHUSS JINICHL E3 Yo A5S YhMs
Merol @RE BH0| HAMT, WaterDum'® 2 S ASE 29 SOl oo

Yne|ES HHSH Borg = UA ¢ 20| 0] 2|=2 HHO|Ct10)

| ‘WaterDrum’e]l & ™

For each data owner i, Pl Watermarking Setup Model Owner
Dataset, %; Watermarking QWatermarked —
Key, y; Operator, %’ Dataset, ] 0—’( LLM training ]
P2 Unlearning LLM, ¢} &

Data owners .7 request erasing &, o )i LLM un]earningj

P3 Unlearning Verification

For each data owner i € & and d’' € 9,

Data, d' —> Query, g, (e.g., first 50 tokens) 0~—————> Unlearned LLM, @’

K Verification Text tJ' e )
P il Operator, 7 SRLOTPS g

Unlearning Metric' M5, (5(q,). %) 8§

¥ EX: Xinyang Lu 2| 921, “WATERDRUM: WATERMARK-BASED DATA-CENTRIC UNLEARNING METRIC”, ICLR, 2026.01.26.

‘WaterDrum'2 {IEOF A8 (Watermarking Setup, P1), ¢12{'d(Unlearning, P2), ¢i2d

o
HZ(Unlearning Verification, P3)2| 3CtAIZ HAISt=|o] QUCt HA QE{OR MFo|2h 2t
HIO|Ee] AQXIPF XtAIQ| HIO|EAlY| 11Q%t JHol I|E &8sl AEDITTL AU=l HO|EAIS
Mottt Q13 X|52| eE2 HHOIAIE MU= HIOIEW'QE TIHE|, TteF H|O|E AKXt
AMHE QHSIH AH2dES TIstH =ICt OpX|EE A2l HS THAOA = HIolE AQXIt
DE H2s 94 L2 =HAU0|A WaterDrum Value(TJEWF'OI e UE)E FHSH
El=0|, O] 20| 00l =TE+= s HI0|EQ| Ye=0| 2HHSHY| MHE o= =2Cf. E0r=0t
o= OIO|HE 3ofgst D2 UHOIE M E = o+ 97| WE0| WaterDrum Value?t
00| El= ZiS CIO|E{Q] ¥=HO0| 2| HMHE H2{doZ 2tFst= ZI0|Ct

10) Xinyang Lu 2| 92l, “WATERDRUM: WATERMARK-BASED DATA-CENTRIC UNLEARNING METRIC”, ICLR, 2026.01.26.
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| Truth Ratio?} WaterDrum Value2l s|AE 1%

Retain 3.2 Retain
2.0 ; .
> Forget| > Forget
Ei1s = 2.4 I
8 | 5 ll
g |
0.0 - : : : = 0.0 . . | ,‘\“ |
0.0 0.2 04 06 0.8 1.0 -0.3 0.0 0.3 0.6 0.9
Truth Ratio WaterDrum Value

¥ EX: Xinyang Lu 2| 921, “WATERDRUM: WATERMARK-BASED DATA-CENTRIC UNLEARNING METRIC", ICLR, 2026.01.26.

E£95| ‘WaterDrum'e 4Z0|A HZHTE forget setil retain setl| L{E0| QOHSZ
FAFSO] =2 AH| AME FEoE FY d5S LFTH= FHEO| ULt 7|1EL RE84E
gto= ot A2l X|HEQI Truth Ratio'"= forget setd} retain setQ| L|O|E 2XEI} MZ
X Truth Ratio 20l 2t & HEE 22[6] LA ZSHX|ZH WaterDrum Values 5
TS 25 226 e SIAEIM BEE JYoiH, §9 X2t 0.2 O[2Hel 32210

forget setlf &2 HZEIPL ASS =P EHELL12)

A

r

S
SHE0| S A=Y 5+ U ZEO|LE 0| CisiA = Z=st HobdE iK1 U= oM
HE8X JHXPPt =Lt IS TASHX| @M= WaterDrum ValueE QIfHCE ZZEGH
SH3xe 20| S0ttt $HM HBRR0| [HOEY A% THAOIM Ho[E A|XTHO| gt
MRl Z1E JHX|D 7| WEol| Q1S X|s 2 JNEX; AHOM= EHE EHAES o 2E0
HEOE A2IF A4 JUsX & 4 giCh M2 3 Tl 2 HHEAHLE 2786

A
WaterDrum ValueE uWRoHH| HF= W £ 4 gICh= AO|ChL

11) Truth Ratio: =20l & ZZol s TES e 2E o] 2EHS Y =52 H| 28 A Ls5od, AtH|
ek xjalg ZHEo| o™ 7|5t JEXE EItshs tHERC 784 7|8 =

12) Xinyang Lu 2| 92l, “WATERDRUM: WATERMARK-BASED DATA-CENTRIC UNLEARNING METRIC’, ICLR, 2026.01.26.
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* Digital Insight 2025, “AIZF & 2| A& HE|", NIA(Et=X 5 ZALS TS 3), 2025.12.10.

=3
=

* Al TIMES, "% dlolg] {Alst=E 'e2i'd” AbEstH 2= AkA| 7 HEs| ™", 2024.07.30.,

https://www.aitimes.com/news/articleView.html?idxno=162065

» Weijia Shi 2| 92l, “MUSE: Machine Unlearning Six-Way Evaluation for Language Models”, arXiv, 2024.07.14.

* Xinyang Lu £l 921, “WATERDRUM: WATERMARK-BASED DATA-CENTRIC UNLEARNING METRIC”, ICLR, 2026.01.26.



