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AT, X oN—y FHEGRIEE (MIA) & B
XD T, 2% b —H DX R 7 OFEL M
HTENEEEN» %, HEmII»OEERIICHH S
¥ 5. BHERANICIE, TR 27 QML Bor e
WE—TH3ZrrEnrT. 5612, ZLOMETFE
M DEGEIE DM LTI X &40, Z Ol
ERERMEICHES T2 WO IR EIERT 5. EER
FIE, RISV R X 4 > 2 AR T O MIA &R
TR T 2 KB ERBRORER, X2 7B oMEE
SRWEM RN R & 7z, Bic, BEomEFEN
MIA IZB W T b RE/KEDMERERZER L, WX R
MTOEBEOFEHANERE R L. &IERIZ, MIA
¥ BEMSCRR D & R 27 BEWTIY 72 BRFE & 20 70 AT %
FJHEIC S 5 720 DI A AT MINTD 2 A5 5 5.

1 LIS

KIS FEE 7V (LLM) 1%, ARBNCPERsS 2 X4
FRHES) & SCHfRREN 2R L, RISV C ORI A D
HEATWS, —J7T, LLM 23l 7 — X DitiEic
X o THIENTEHRCHEEIEER (11, Z1EY (2] 25
VR B1HY, F2LIM ZHWTa 88>
R [4] REM DT TOLEIE (5] Y, XOBEIEN
WHBEIEL TS,

IS ORIV T 3728, X FXFERIFIEH
EDSLATWS., MIA X, HEXDBSEET LD
MT—RIZEENEZDLEIDEHET S XX (6]
THDH, LLM IZ X 3 HNERPLZFEY DI O AlHE
MEBET . —hHT, BHCORHIE, ARBEV
T BRI ERR L7 X2l 3 5 2 X2 [7] TH
D, RIEHROILERAMIAEDOMIEICHF ST 5.

MR ZAZIZENPERZZDOD, WINd SiETE
TILOMERGMCE DS CHEETHEZITS. MIAT

*FZANOEFEBHEIAFICELEM L. AREE—FHEI R
SANZ T REWAEANTERM L 7.
1) https://github. com/ryuryukke/MINT
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Bl 1 Min-K%++ (BEHD MIA F1E) & Binoculars (5
SO FR) 1k B, XA TOTHIR 27070,
HAHNT 71X cross-task BEZ RS, MFIEEH 2 DX R
JTRRBINZICD 25T, ZORaAT77MIEED
HDTHELULTBY, EWIERELTRET 5.

FHFET—XHOIFEEmNLEEZ R L, R
HTHEMIE N LEZ RTHEARD D, LER
IybrVY—pHEOR—25 4 ViEEY LTH
WHNB. X 51T, Neighborhood Attack [8] (MIA F
%) & DetectGPT [9] (BHHTFIE) IAREMIZF—T
HDZEDERH 10l ShTED, 55 XADE
el L CXHOMRMEEZHET 2. KI1TH,
WX R 7B B2 MFEDTRIR 27 5 MmICHEHE R
BEMEDSHERTE 3. Lo L, MR A7 IEZHANICH
RANTEY, —HTHRLNZBRNBFEPLHIAN
i THIEH SN TORWATEEE D B 5.
INEEEZ, ARETIE, MIA &R o R
O TEEBE], 2FD—HDOXR I TREINLF
EDMGTH EOREAHERET 200 %, HERH
B LOEBRINHEET 5. HE@wIICE, MR 712
BOWTHHENC Bl 72 ERE & 2 T 2 16150 TofgR
ETNAE EOREM D & OLELE) TH
—THcZr%kmrT (§2). ¥, ZLOBFF
EDZ ORGBEIEIEOI B U TH—IIZIE 2 54,
BRINGEM T 2 FREEVEREZ RS, MX R
I CEWERER RIET B, L WORNMEIRT .
EERTIX, 7200 MIA FEB XU 5 DDOMHFIE
PXRIZ, 13D RXA BIU 10 DERET VI
D7D RIFBEGHI 2 EREL 72 (§3). MR AZICH
V2 B FIEOMERENEL. OMHBE 2 7947 L 7AER, — 7
DR A7 TrEtERE R FRIIMT e B VTS EERE

Binoculars
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RAHMEMCH D, BmOIEMHEE (o >0.6) BELN
7= (§3.2). X 51, M TFIETH % Binoculars [11]
HMIA IZBWT HIE/KEDTREZZR L, MiX
A 7 T OO EHNERII R EN.

2 HBORERERE

21 mARRIVDERE

LEITXRTCO M=V VRINDOEEETE. M 7%
X LD Py ZELFHEETNEL, Dyain € X
M OEEZHSNERADINRT —R 3 5.
FEMCSCHHICBWT, Po 2 X 225 M DERK L
ZXEBRANLIZESE LD T 5. MIAIZBW
T, Pou BT — & Dyain IKEZTNRVWXDES
Lo, Pn EIlT—2HNORHET 5. DD
XxeXITHRHL, ZRZNDXZAZ7IZLUT DI
FETEN LI 3.

BRSO — Hy - x ~ Po, Hp:x ~ Py,
MIA - Hy : x ~ Poy, Hi:x ~ Pj,.

W& 227 DHWNZ, ZFAZNDIRENRGERKDH
SR I CTEAITE 3 X 5 B £ (x; M) EBEFE
TRHRZLTHA.

2.2 REWREICEZITHERRXIDH—

FE 21 (HERBEMY) IXEIRTO+I—ZV
RINDEEL TS, M %, T — X Dragn ¢ X D
REZEKRELTS IS5 CEEINEEEET L E
L, ZOWMRDHE Py 55, Po %2, X5 M
PER LB XERANLZES ORI/
5. DL E, HBXxeX L THRERE

X, EERNRIERIZEDO R T, BB X
MIA O FIZBWT, (TEOFE —FOBERIZBE WL
TIRKDHEIIRH N ZERT 2. 7z, T3
BRT7 EAYTF—Y (50 &AM T 2
) IRz sn3.

D Pg || P
adv < | Dxu( 8@“ m).

SEB A(x) DR A ZIZBWTLERE & —
BT RTILT, TNEIHT 3.
Step 1 . BEWOUBIH DITOMEZE X 5.

Hy:x~Pqg, Hi:x~ Py.
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C DAREUTH S 2 TR ELRE 1

Py (x)

Ay () = P (x)

THDH, THNERBLLEHEHE AN & —KT 3.
24y -7V VOME[121ICED, ZOMER
FEEOHE OBV T —HRRETH 5.
Step2 : MIA LTOMEZHEZ 5.

H()Z)C’VPOU;, H] IXNPin.

SREET M PEBD AT X —X 2L, I
F—& Py, ODRERZ2ITHRKRET % 2 WS HER
FETBWT, MOFFIFRY > DA ETEEICEH
T35, ZOLE, Pyl Py ITPORT 5. FRRZ, Po
F s DBER UGS X ERN LA THY, Poy
AT — X 2RI LT Th b, ORISR
HERTE MIFFNRT —RDAEERT 5720, Z
NORANZINBZEESEE 27D, Py~ Poy 3L
T5. LlehoT, ZORIUIH T 2 ILELLMEX
Poui(x) Pg (x)
b, BBELLEREGE AN EEHLEIC—HT 5.
W 21T, A(x) 1E MIA 128\ T b HT A 12 f 0w 72 6
EMEIRE 2 5.
Step3: 7 EAYTF—=ID LR HEtE AKX ZHV
ZAGREIZ BT, XA iR R
_1-TV(Pu. Pq)

2
ThHb. TITTV(,) ZeELHFEHLrERST. v
A H —DAER

[1
TV(Py, Pg) < EDKLUhHPm)

AT 32T, FROEEDERE X UGS
BRART EARYTF—I0B6N35. O
BE MDPTDHBANTX—=ZEED, Dean =H
WA N ] X558, BELUHETE AX)
D MIA IZBT 2aplERElERE L 725, LaL,
HEDOSEETNVIEIZL OGS, Jls—2% 1
IRy ZUPEE LRV, LMo T, EBICIE
Pu(x) &0 %, BNz Py, OELTFESEVIE
REEZTRITHAELD 5. AR, s bFE
WHT 2258 2MAEHIRT 2 bDTIdRL, %
PSR & MIA D3R EIRAINCEE L2 & X 7 7%
D, ZTOMHEHNERE522bDTH 5.

Amia(x) =

*

&
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2.3 EUERICED < B—FENE

M= VRINOREAZ X & Lz X, M2
ERUIGFE XERANLZEES EOED I P 13,
—HRICKATH 2. ZD=D, MERAT7DHFFE
X, DUR®D 2 D2 KBI &2 8% % VT, Rt
A EERK S 2 RHERI DN Po OHEEICHAA T E 72,

BEETIICEDEY Z0¥IETIX, RHEMAS
i Po DHEEZREKT 20 LT, Mo E
TOADEEFO5H Py, ZFIHT 5.

Pg(x) ~ Py (x).
M 120%, BlD S EEE 70 (MIA: Reference [3]),
N7 BT X 2HE D (MIA: Zlib [3]),
AR — R HE DL b =7 VHEHE SR (MIA:
DC-PDD[13]), ET LD AZLTY brE— (FH:
Binoculars [11]) 72 EDBHWEN 5.

BTV JICEBER ZoOMIETIE, 7
) > 7 FHWTRERI R Pq % RIFTENSERIS 5.
BURINCIE, REEMESRO S EEHSET 51b
DIZ, MR x o0t UTEE Z MM X THE & izt
XEEWINT 2 M OLEDIARHEE V5.

Pa(x) = Ez-g(x) [P ()]

Z 2T ¢(-x) &, MR xS U THFEEERLZ Y%
FOBHESLTHS. ZOEIKE, MIA BT
Neighborhood Attack (8], ®HIZI1} % DetectGPT [9]
% Fast-DetectGPT [14] TIRA SN T3,

i A1, MRAZDZEL OFEEREET 2
D, Min-K% 7% ¥ DCE LTI R WHE it 213
S FERRHNE 2 5. Zh o DB R
i D, ZOMHERNLRM—IISHOFEL T 5.

3 FHMESEER
3.1 HERERTE

MIA MIA @ FEAfi 12 1%, Pile HK D 5 2 DX
K X A ¥ (Wikipedia, Pile CC, PubMed Central, ArXiv,
HackerNews) THi & 115 MIA X > F < — 2 MIMIR
[15] Z W33, F— &% Pile » ST X A, 13-
gram 7 4 VXY VT (X N=) &7 X b
GEX =) Bov —7rRahs. MRET
JUIZIE Pytaia &V — X [16] DEL 285 X — &3
£ XD 5FFIN (160M~12B) BMFEH XS,

2) ARTHEES 2 B FEL RO ZE U T kb osafdl
BRI &SRB T AR Ic oW TiE, (A 22
3) MO & DRIEZR D720, TR XA IZRE.
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BWXEE BHOFIcE, 8 2D KX A
(Wikipedia, News, Abstracts, Recipes, Reddit, Poetry,
Books, Reviews) 12351} 5 NI & B TRER S L
BN F~v—2 RAID [17] ZFIH T 2. M5E
TAE, =TV 24 FETILE LTGPT-2-XL
[18], MPT-30B-Chat [19], LLaMA-2-70B-Chat [20], 7
0 —X FET/N & LT ChatGPT [21] & GPT-4 [22] D
its ETAMERENS.

FHMEIEIE & R 7 B OB L i S 2 729,
M 2 2 271281 3 2FEDVERNENLZ AUROC X 2
TIEOWTHEIL, 2oEfio—EBEEAY T
> ONENAHBIRENC X o> THIE T 2. EIENFHEY
i, —HADXRRAZIZTENLFEDL, DR
THEWHREZ RS 2 L 2 EKT 5.

WRFE 7 ODHEH MIA FiE (Reference [3],
ZIib [3], Neighborhood attack [8], Min-K% Prob [10],
Min-K%++ [23], ReCallL [24], DC-PDD [13]), 5D
D TF1% (DetectGPT 9], Fast-DetectGPT [14],
Binoculars [11], DetectLLM [25], Lastde++ [26]), 0
RAZIWICHET ZR— A5 A ~FIE (Loss, Rank,
LogRank, Entropy) Z X5y 32%.49

BRHEEE JEMHEBEOWETIX, WX R 7 THER
ETNVOMRDNAICT 72 AATRER AR T A MRy 7
ARERZRHAL, HEERGTTHREZITS. £,
FEH I MAE S 5 729, ChatGPT X° GPT-4
DI/ —ARETNANENRE LT T IRy 7R
RETOMH S EMT 2. BEORETIE, A
£ 7 )L (PyTHIA-160M [16], Llama-3-3.2B [27]) &= W
T, ZOVEMREEHET 5.

3.2 #ER

MIA C WX ICH 1T 3 EERIEMIIER
21%, MIA b D& XX 7128 % 2FEDE
MR EZRT. 2 ZTOIEMIE, MIA (5 RX A4 ¥
ESMRETIN) LM B RXA Y 3XWRET
V) 2BV % AUROC ICHEEDOWT WS, £ 15F
FEIZHT 227~ > OIERHEBERENX p = 0.66
(p<0.01) &2 Y, WANHBEN A SN, Z DR
1%, <D MIA FEPBRHICEW TS EN - ERE
RL, FOWBEMTHZ ZE2RT. 72, B
10 FEIRET 2 2, X 5IHEWIENHEE p =0.78
(p <0.0) RSN, THIIE VIR & 2
7 TOENERRICER S 2 &\ 5 a2 Ef 1T 5.
4) BFEOHMI A Z B,

5) FlfT— ZDBIENBIDE TN T MIA DIEfET — Z 515
5NNz, MIA DFHEIEFRT A bRy 7 ZFEICRE
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Performance Rank in Machine Text Detection

H N W A OO N 0 VO

/
;
’B‘lnoculars

1 2 3 4 5 6 7 8 9 1011 12 13 14 15
Performance Rank in MIAs

X2 MIA ¥ #8102 PR O EA O Bk
FhrRosSay MiE, FAFAMIA BT
BERYT. Ko Fay MEILETARN—2 514 U ER
3. BRRIEE X 2 7 CTIEMPEFE LW 2R T,

BREFEICELS MIA TOREKEMRE X3 E
B - FEC, MIA XM DE R A 2128 % &Fik
DY AUROC Z7R- s, BAREZ I, MHEFIE
Binoculars 53, & R 2 T /K% D HRE % 3#
U7z, 2RI, BEFED MIA BFFE038 H 0 BF
DN BFEZ TR TETES S, ZOFHf
WCBF BN, 7 RA%R-MT 5. —/HT, MHIZEL
TdH MIA FEPIEWHEREZRLTED, XX 7H
Wi U 7= FIEBFE e N ReHlio EEE 23R T 5.

4 o

SODEANBREICH ITIERYE ChaGPT ®
GPT-4 Y \Wo 27 —X RETFLDERLZ R
2, 77 v 7Ry 7 AFERTDMIA FEOM M
REZ R L 7=, X3 FBUS, &FEDFE AUROC
%789 . Binoculars (3R U THFEE KETE
[ 5> TW523, flid MIA FiEd, 587 a1t
WU B ERERER L. h o ofERIE, EHNL
FREICBVTD, MIA B 5 BRHADEWERES 3
Hanz e 2EMIT 5.

Zlib BRI RAVBDIEE : FFinfHm D
REM Bl e LT, Ziib #B Y LW 3. ZIib l3XD
HEE Zlib Ffizy b —TCHRE L THIEST 2T
HETH5. MIA TEM 27 7 20N HITHE S
B3, BT AR e BRI D B2 2 53 hiE S .
BEMCOI RIS & D EfE S 5 < [28], BTl
LRy b —2FEAAEEHL, WEDOLLT
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B3 MRXRZIZBT B MA Fiheiit Fiio Y
AUROC. B MIA RV F2—ZIZBIFT25HE (5 FX
A, 5T, BB PB RV F -2 1B
ZRIAL PR IR B KRXAL Y, 3FFN), TI7v7
Ry 7 RHE B8 FX ALY, 2 EFIL) TOREER.

rs = 676.9 §
6804 2 00025
(N
H 00020
i}
i 0.0015
H \ 0.0010
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400 600 800 1000 0.0000 0

B4 MIA GEX 2 oN— X X on—) e ihci i (AR
*f B 1CBIT B Zlib EfET Y b — D0, {7 —
Ry N5 3,000 XEBEAICY YT Y UTHEE.

B2 zlib A7 7 AMTHEXSR, @#BAlEEh»
KTR$%. EB K4TlE, MIATEZY baoE—
DADEL DT, METEHLTEEEL TV 5.
COHWRE TR, MRZAZBOMHESD—DTH?
TR DEN ) & RS 2.

5 &hHbIC

ARETIE, MIA & BEMOOR ot 2 BlEma 35
K OEBINCHS 2L, UTIOHAEEZEZ. (1)
W 2 R 7 Ok 72 EEiEEIEE—TH D, 20D
FiENRZ DAL LTHNEDS T NS, ZOEME
FEDS, &2 FEDOM X R 7 TOMAINERE v i1t %
WDLERE DS 5. (2) WMXRZDFEMICIE
PERENENL I ERNFERE S D D, — DX R 7 TEIRT-
FEEATHEOEREEREET 5. 3) FEDH
HIF B X 2 7 Tl /KEDMRE R R L, X
A7 DEBHICIIFERNBRERPFAET 5. Zhb
DHIFE, MIA & BRCORH O & 2 7 Kl L 7 Fik
L N RO EEEZ I RT 2D TH 5.

Humans vs Machines

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



Egﬂ

¥

AFFERCRIE, B 75T B FE NG EORAE i 5T
Bt (NICT) OZEEWFsE (22501) 2L biFohi.
¥ 72, ARWFFLE IST XA 2T BRI SE 7 e &7
Z L JPMISP2106 D Xk %21 7=, ¥ 72568 T3,
PE KR B2 O° AIST Solutions 2312 fit 3% ABCI 3.0 %
FABCI 3.0 BHFENEFIFH ) %<8 % 2 TR L 7.

BE Xk

(1]

(21

(3]

(4]

(5]

(6]

(7]

(8]

(91

[10]

[11]

[12]

Nils Lukas, Ahmed Salem, Robert Sim, Shruti Tople, Lukas
Wautschitz, and Santiago Zanella-Béguelin. Analyzing Leakage
of Personally Identifiable Information in Language Models. In
2023 IEEE Symposium on Security and Privacy (SP), pp.
346-363, 2023.

Boyi Wei, Weijia Shi, Yangsibo Huang, Noah A Smith, Chiyuan
Zhang, Luke Zettlemoyer, Kai Li, and Peter Henderson. Evaluat-
ing Copyright Takedown Methods for Language Models. In Ad-
vances in Neural Information Processing Systems, Vol. 37,
pp. 139114-139150, 2024.

Nicholas Carlini, Florian Tramer, Eric Wallace, Matthew Jagielski,
Ariel Herbert-Voss, Katherine Lee, Adam Roberts, Tom Brown,
Dawn Song, Ulfar Erlingsson, Alina Oprea, and Colin Raffel. Ex-
tracting Training Data from Large Language Models. In 30th
USENIX Security Symposium, pp. 2633-2650, 2021.

Josh A Goldstein, Jason Chao, Shelby Grossman, Alex Stamos,
and Michael Tomz. How persuasive is Al-generated propaganda?
PNAS Nexus, Vol. 3, No. 2, p. pgae034, 02 2024.

The Guardian. Revealed: Thousands of UK university students
caught cheating using Al, 2025. Accessed on 2025-07-10.
Nicholas Carlini, Steve Chien, Milad Nasr, Shuang Song, Andreas
Terzis, and Florian Tramér. Membership inference attacks from
first principles. In 2022 IEEE Symposium on Security and
Privacy (SP), pp. 1897-1914, 2022.

Xianjun Yang, Liangming Pan, Xuandong Zhao, Haifeng Chen,
Linda Ruth Petzold, William Yang Wang, and Wei Cheng. A
Survey on Detection of LLMs-Generated Content. In Findings
of the Association for Computational Linguistics, pp. 9786—
9805, 2024.

Justus Mattern, Fatemehsadat Mireshghallah, Zhijing Jin, Bern-
hard Schoelkopf, Mrinmaya Sachan, and Taylor Berg-Kirkpatrick.
Membership Inference Attacks against Language Models via
Neighbourhood Comparison. In Findings of the Association
for Computational Linguistics, pp. 11330-11343, 2023.

Eric Mitchell, Yoonho Lee, Alexander Khazatsky, Christopher D
Manning, and Chelsea Finn. DetectGPT: Zero-Shot Machine-
Generated Text Detection using Probability Curvature. In Pro-
ceedings of the 40th International Conference on Machine
Learning, pp. 24950-24962, 2023.

Weijia Shi, Anirudh Ajith, Mengzhou Xia, Yangsibo Huang, Dao-
gao Liu, Terra Blevins, Dangi Chen, and Luke Zettlemoyer. De-
tecting Pretraining Data from Large Language Models. In The
Twelfth International Conference on Learning Representa-
tions, 2024.

Abhimanyu Hans, Avi Schwarzschild, Valeriia Cherepanova,
Hamid Kazemi, Aniruddha Saha, Micah Goldblum, Jonas Geiping,
and Tom Goldstein. Spotting LLMs With Binoculars: Zero-Shot
Detection of Machine-Generated Text. In The Forty-first Inter-
national Conference on Machine Learning, 2024.

Jerzy Neyman and Egon S. Pearson. On the problem of the most
efficient tests of statistical hypotheses. Philosophical Transac-
tions of the Royal Society of London. Series A, Containing

(13]

[14]

[15]

[16]

(17]

[18]

[19]
(20]

(21]
[22]

[23]

(24]

(25]

[26]

(27]

(28]

— 520 —

Papers of a Mathematical or Physical Character, Vol. 231,
No. 694-706, pp. 289-337, 1933.

Weichao Zhang, Ruqing Zhang, Jiafeng Guo, Maarten de Rijke,
Yixing Fan, and Xueqi Cheng. Pretraining Data Detection for Large
Language Models: A Divergence-based Calibration Method. In
Proceedings of the 2024 Conference on Empirical Methods
in Natural Language Processing, pp. 5263-5274, 2024.
Guangsheng Bao, Yanbin Zhao, Zhiyang Teng, Linyi Yang, and
Yue Zhang. Fast-DetectGPT: Efficient Zero-Shot Detection of
Machine-Generated Text via Conditional Probability Curvature.
In The Twelfth International Conference on Learning Rep-
resentations, 2024.

Michael Duan, Anshuman Suri, Niloofar Mireshghallah, Sewon
Min, Weijia Shi, Luke Zettlemoyer, Yulia Tsvetkov, Yejin Choi,
David Evans, and Hannaneh Hajishirzi. Do Membership Inference
Attacks Work on Large Language Models? In Conference on
Language Modeling (COLM), 2024.

Stella Biderman, Hailey Schoelkopf, Quentin Gregory Anthony,
Herbie Bradley, Kyle O’Brien, Eric Hallahan, Mohammad Aflah
Khan, Shivanshu Purohit, Usvsn Sai Prashanth, Edward Raff,
Aviya Skowron, Lintang Sutawika, and Oskar Van Der Wal. Pythia:
A Suite for Analyzing Large Language Models Across Training
and Scaling. In Proceedings of the 40th International Con-
ference on Machine Learning, Vol. 202 of Proceedings of
Machine Learning Research, pp. 2397-2430, 2023.

Liam Dugan, Alyssa Hwang, Filip Trhlik, Andrew Zhu, Josh Mag-
nus Ludan, Hainiu Xu, Daphne Ippolito, and Chris Callison-Burch.
RAID: A Shared Benchmark for Robust Evaluation of Machine-
Generated Text Detectors. In Proceedings of the 62nd Annual
Meeting of the Association for Computational Linguistics,
pp. 12463-12492, 2024.

Alec Radford, Jeffrey Wu, Rewon Child, David Luan, Dario
Amodei, and Ilya Sutskever. Language Models are Unsupervised
Multitask Learners. OpenAl, 2019. Accessed: 2024-11-15.
MosaicML NLP Team. Introducing MPT-30B: Raising the bar for
open-source foundation models, 2023. Accessed: 2023-06-22.
Hugo Touvron, Louis Martin, Kevin Stone, et al. Llama 2: Open
Foundation and Fine-Tuned Chat Models, 2023.

OpenAl Introducing ChatGPT, 2023. Accessed: 2023-05-10.
OpenAl, Josh Achiam, Steven Adler, et al. GPT-4 Technical Report,
2024.

Jingyang Zhang, Jingwei Sun, Eric Yeats, Yang Ouyang, Martin
Kuo, Jianyi Zhang, Hao Frank Yang, and Hai Li. Min-K%-++:
Improved Baseline for Pre-Training Data Detection from Large
Language Models. In The Thirteenth International Confer-
ence on Learning Representations, 2025.

Roy Xie, Junlin Wang, Ruomin Huang, Minxing Zhang, Rong Ge,
Jian Pei, Neil Zhengiang Gong, and Bhuwan Dhingra. ReCaLL:
Membership Inference via Relative Conditional Log-Likelihoods.
In Proceedings of the 2024 Conference on Empirical Meth-
ods in Natural Language Processing, pp. 8671-8689, 2024.
Jinyan Su, Terry Zhuo, Di Wang, and Preslav Nakov. DetectLLM:
Leveraging Log Rank Information for Zero-Shot Detection of
Machine-Generated Text. In Houda Bouamor, Juan Pino, and
Kalika Bali, editors, Findings of the Association for Compu-
tational Linguistics, pp. 12395-12412, 2023.

Yihuai Xu, Yongwei Wang, Yifei Bi, Huangsen Cao, Zhouhan Lin,
Yu Zhao, and Fei Wu. Training-free LLM-generated Text Detection
by Mining Token Probability Sequences. In The Thirteenth In-
ternational Conference on Learning Representations, 2025.
Aaron Grattafiori, Abhimanyu Dubey, Abhinav Jauhri, et al. The
Llama 3 Herd of Models, 2024.

Yu Mao, Holger Pirk, and Chun Jason Xue. Lossless Compression
of Large Language Model-Generated Text via Next-Token Predic-
tion, 2025.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



R1 MIA BLOHEHCEINC BT 2 FIEDOH—MIRERIL. Py (x) 3AERIER, Ry () 3 FTHBIER, ¢(x) FER
DOEFEBERL, O(x) =x/o (FEERAC X SRR EZRT. FXNOEH IS 25EMIE, fix A 22K,

Fik | 2227 | K

Reference [3] MIA —log(P.u (x)/ Pt (x))

ZIib [3] MIA —log Py (x)/Zlib(x)

DetectLLM [25] Detection | Ez.g(x)[log Ry (%)]/(log Ry (x))

ReCall [24] MIA
DC-PDD [13] MIA
Binoculars [11] Detection
DetectGPT [9] Detection
Neighborhood [8] MIA
Fast-DetectGPT [14] Detection
Min-k% [10] MIA
Min-k%++ [23] MIA
Lastde [26] Detection
Lastde++ [26] Detection

Ex~g(x) [log P.u(%)]/(log P.u(x))

Ex~e[—108 Pt (¥)]

(log Pt (x)) /B~ [10g Pt o (%)]

Ex~g(x) [log(Pu (x)/P.u(5))]

Ex~g(x) [log(Pu (x)/P.u(%))]

O (Ez~p(x) [l0g(Pu (x)/ P (%))])

T Dieminka (—log P (x7))

1 Yieminks @(—10g Py (x;) + Ex, . [log Py (%:)])
(—log Py (x))/StdDev({DE(x, 7)}T_))
®(Lastde(x) — Ex.g(x)[Lastde(%)])

A FEOFHE
Al R=2R51Y

Loss: E7 L Jl DX x W3 2%, s XX
IN=E, EERICEES NI Ve WS RERIZHED <.

Entropy: 5 A7 v FIZBF R b= T 2HER
OHAFE. B XB L UX U N—F, = tr Vb —»HK
WEWIRFICHED <.

Rank: F A7 v FIWZBT 2R —27 > OREREN D -
¥, BWIB XX =1, FYIEMSEWE WS R
FcEoL.

LogRank: %27 v FIWZBF AR b —27 > OXENELL D
Y. Rank ¥ TREE, FEMESCE KX ¥ N—=13FEE N EIE
D EN WS RFLCED <.

A.2 MIA

Reference: E TV M & BIRE T IV Myer DB DIEED
2., BREZHREzHWTRT, ZREFTNMICL 2N
Ik D—ETH 5.

ZIib: &7 VIER Y Z1ib [EMER O L. Zlib [EAFERIE AN
XH 515 5N B BERI R LT 7 I HED K BRS
fiThh, AMCLEREHEEEHNTET , ZRET
I & BEBEIEO—FETH 5.

Neighborhood: S x DX ETER Y | x (iBE %2 Nz T&
5N 8 ONMBIERD O HFHE. HM-cs X
RN EL LD HERERIE D& WS RIICHE
S BV A KB —ETH S.

Min-K%: XH DOMERNER DRV k%D b — 27 > DXL
KDWY, BB IO =13, WD TEERR
F—2rEERIT VE WS REIICHES L.

Min-K%++: XHDOMERI R HIEWD k%D s —27 >~ DFE

— 521 —

BAOMERTEEL L BOCE 0. dBRmafmett
LT, FED b—27 > O surpirsal #HIET 3.

ReCaLL: X x DXEHER Y | JEX > N—D—F %k
ELTEHERE EOEMT ENBEERDLL. JEX v oN—
EYMRE LTHEZ LN E, EXN—ZFI X N—&
D HMBIERIE N E W HRFUCEDL. TV F
W2 X BT O —FETH 5.

DC-PDD: E7 )V M ¥ ZHa— %A D’ D Unigram $HE
DROMORZAELY b — -1 3" Py(x;)log Py (x;).
ZAUX B[~ log P, (X)] EFMlTH 5.

A.3 HWXIRHE

DetectGPT: SN 3 2 3 EUHE R B R D & 0 #h =R % HIE
T2, X x ONEHERY, x ICBEIZINZTE SN
X & DI EHER DL DHARE. BB L X =12
FEESCE D BHERRE N WO RGUICE S, 7Y
V&K BENEEO—FETH S.

Fast-DetectGPT: DetectGPT D& R b iz 8 #% kF, #H
FEZEEET 2. SHI0EBEXHIIBII2 R a7
(L 2ATS. oV U2k BELEBIEO—ETH 3.

Binoculars: €7V M L BRET N Myey DD~
FLEFITF 4 REL P —0D. AETIEZIAR
(log Pyt (x)) /Ez~m[log Py ()] & LTHWERT 2. SIRE
T & BIELEIEO—ETH 5.

DetectLLM: DetectGPT DZEFETH H, MR DK D
DICHENEM 2 WS, AETE I SVEiEE RS
NPR 622 ERH U, Ez-p(x) [log Ru(¥)]/(logRu(x)) & L
THWKT 5.

Lastde++: FERFENT 2 FIWNT, XHD b —2 ViERD
RFB K CKBAREHSZRET 3. Lastde++Z 2
WX LT, Fast-DetectGPT ¥ [EIfkDIEE) ¥ #2HE L 28 L
72HDTHS. RO EHWEIELEZIONS.

This work is published without peer review and
is licensed by the author(s) under CC BY 4.0
(https://creativecommons.org/licenses/by/4.0/).



