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Rotary Position Embedding (RoPE) 1 LLM TJA <
HoubhTEh, —MRICHEK 0 Z K2 WHEICRET
5 Z e CTRXRMEENAETZEEZ ATV
B, YT F A MERIIIEAR E U THEE LA
RTHB. LhHrL, AAKTE, BEEKo0 ZHATFHE
ROmARRINRICIHREL, HERFFICKREL T2
T, WAL L CHMEREERH EL, av 7% X b
TSRO =D D FENA R D e ZmT. 20
REDZ Y, RoPE O JE R BUH S D FREH B
FUOHERP I X > TEMIT S I 3.

1 EC®HIC

Rotary Position Embedding (RoPE) [1] 1, Transformer
ZARBHBESEE T (LLM) [2, 3,4, 5, 6] TIHEL AW
LRTWANMENEILTHD, FEERE R 6 1cHKD
SHEEATHNC X o Ch—2 VB ERITZ. 20D
Kf, RoPE DAL 0 Z KD 10,000 % 500,000 L
ANEKR T B IS — RN TH 3 [2,4,5]. Z DiXEF
X, AEXTEEBEICRE S TR R a 7 O A HEE I
TEEWHIERICEOWTED, ERIICEME
ZABNTWS, LaL, 0 ZH5KT 5720 ClEEHRT
FERORARINE BT Lyan EERT 2) %
82 A RE OMEERE) 13Tl S, LLM
HBE DR 2 RINERIRT 2 7-DICERY T —
RERWTHEZEZITONEND 5 [4,7]. —77,
Barbero 513, MHXTFEBEICES TFRE R a7 DAk
BRI 2T, 72V BXUF—DEEFRXT
WBWT, £ b= bl > TEWEDER LT
WRRBBE ST 2 e 2fER L (8], %7z,
O EEG X 0 KK D RoPE It % NoPE 12 &
S THHRELLLLZVWZ L ERL, ZOHD
RICHNLEIERE DE Y LR WATRENEZ /R L 72,

ZOERDPD, 0§ DILKIZ RoPE DRI % F D
LD, The bR T T RD0?
EWVDSEERIDET 5. AR TIEZ OEERICEZ %
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BERK BB BEK IR BEK 1ERR

i
Uama-278 lama-38B “gemma-bt

K1 REWZLLM BT S L2-/ VADEk— b
~ v 7. Mt RV E, B X RoPE O & [\ 85 R 7
(iefo,1,..., dnrey). v B ESTRITHREEENTH 5.

729, BB ICER L, BEEEG M NERT,
WO, ¥, YD XIDIHFET B DR D
OHERANCH ST LT, ZDHEE, RoPE £
TEE—RRICHH L TW2 D TR L, 0 L ERiZEY
REDBRARRINE Liain WHKFL T, RO RITIC
DAMERBENDEF T 2 e BbhroTz. 5
12, 0% Lo A CMEICEEE L, ROPE RILE R D
ERINCIER T 5 2 2T, AFEREPMET S22
ZHRE L. $RO5, K, RoPE TIIIMHEERE
PMEWT=0 a > 7 & R MEERD 729 OB AA]
Re#ZZ 5N TE7, RoPE DEIE ¢ DHLAEK
(35 EIEREEZFIRL TED , RAKRIE Lyain &
CEICERET 3 e EtEsEbMEh B L ETRT .

de =2
2 B=

RoOPE ROPE [1] 1%, %< @ LLM THHE Lol
EROoTWABMNBERITHD, 71 « F— Z[HEE
TS 2 2 e TUBEREN ST 5.

[cos meé; —sin mHjl [q;"j_l]
. (1)
sinmf; cosmb; q;';.
g" e R XL ERITED d DGEDO m FEHDZ L)
THh, FEELRY j ORI 6, =672/4 L3HH
X4, EJE 613 10,000 (Gemma, Llama-2), 500,000
(Llama-3), 1,000,000 (Qwen-3) & WS {EDMEHNT
W3 [4,6,5]. RoPE OAMEMEREIZ KWz, LLM D

Yarn-Llama-2-7b-64k ‘Lama-31-88
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F1 H3BIUHI 43 2B 20N ER. YaRN ¥ Llama3 1%, MFABRKHICEA SN2 MEMBTIETH 2. Gemma E
TADNy R d 13256 TH D, ZALHNDETNMIE =128 TH 5.

T FINE Liain HIK o TXOC (H13)  p-RoOPE D A—TFL X5 1 (Hi3) | THMROT (i 4.3)

=y IR ipand  ibanal/% 1=10 1=09 =075  1r=0.50 J* X j*
Gemma 8k - 10000 | 11668 091 252 270 81.66 > 100 107 117
Qwen3 40k - 1000000 | 51.04 079 622 622 622 7.46 43 47
Llama-2 4k - 10000 | 5353  0.84 254 258 >100 > 100 49 53
+YaRN 4k 64k 10000 | 5193 081 281 508 >100 > 100 - -
Llama-3 8k - 500000 | 4343  0.68 229 229 229 84.50 38 41
+Llama3 8k 131k 500000 | 4047 063 229 229 229 5.53 - -
AV TFRAMRIRT % 0 OEEZEE T 2 ER idx, = argmax [[k7]

i [7, 9] B —MKENTEH XN 528, HRFEEITMA
TEMOMAE LB PR ETDH 5.

BE#T Barbero 5%, RoPEEHZD 7 =V
gm e R D L2 7 VA |g"|2 WCB T W E D E
e L CHN 2 FRERH DFE S 5 2 &, REARXIT
@ RoPE % NoPE [10] \CE XX THAFHE L TH
HREDZL LW Z e B/R Lz [8]l. —/HT, 6D
IHTIF LR Gemma E T VICREZINTED, i
BEfEPRRICN T 2 GEEHI TOATES S, [
BB DIER SN 2 OWT S RIEIHTH 5.

3 ARG LLM ICE T3 EEEE

oD LLM i B 2 @A L7=E 7T REIK
BORIZBHI X 2 D ? JeATHFSE (8] T XN T
W2 LLM e E M 2 N RICONE21T 5.

3.1 SthFEE

L2 /ILLEe—= by JEBEEBOFR R Z R
%7z, FeATHISE [8]  FIMkIC, FICZ VD L2/
VA g™ ZRIEL, B— b~y P LTAILT
%. ZD¥ %, RoPE TIXHEIEH 2 Kicd Az
R7 e LTREINE 20, Ny FRITED d DY
A, SR JEEER X d2 l e 72 5.

p-ROPE RoPE (2B} % A IR 57 O3 5% 7 i
T 3720, FATHSE (8] & FIRkIC, (KO %
#1133 p-RoPE [8] ZFHHWT =T L X T4 %
HI%E U7z, p-RoPE & &AM D AL r RITD AU
RoPE # i3 5. Bl 21X, r =0 DK NoPE & —3
L, r=10FEEDROPE & —HT 5. 2B, &
JETIIHERRIF DA TR L, FEH I THRW.

BT RTT iana KD FIET B EER HEE
FTERILERET S, ¥3, Eb—2 NE B
3327 " 1IZOWT, RoPE DR 7 IZHIGT
% $ADRBERTTO D5, 2 7V AHRKE %
BZRILERD LS ICHET 3.
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ie{0,1,....4-1}

R, RINE L 2K biz o TR SN {idx, i)
OHFT, RHHEBHETZ2A VT v 7 A% RD 5.

idx = argmax (count(idxy))

ke {kO,k!,... . kL—1}
ZOBEE Ny RBXURBIIHLTITY, 55
iz 1 OB % JE I KT ibana (0 < fpana < ) &
LTEFTS. X5, p-RoPED r EXIEDT 3 7=
O, JEBECH RIT ivana & < CTH o T A0S 72 J8
BRI ipana/§ 1ICOWTHMET 5.

REREE HEHDE 7N (Gemma 8B, Llama-2
7B, Llama-3 8B, Qwen-3-8B) B X N EE D {7 & #
il (YaRN[7], Llama-3.1 {Z81F % scaling[11]) %\
Tath 1772 o7z, FHHEi7— &t v T Wikitext-
103[12] DT A bty FZHW, TXRXTDETIIZ
BOWTHERRFORYIRIE L = 4096 & L7-.

3.2 hER

K1IZEETNVICBIE7Z)D2 /I)VE%ER
T. B1IEOANYy Ko7 ) RHHLE. 20
R, TRTOETNCHEBERGTHDHER SN, JEBE
HE—RNBRHERTH D Z e o olz. —FT,
JEARBH DT 2R BIXET VI L ICER
%, %7, MEHEETALICBWTY, METFEC
Mo T REEF DR INAZETH S Z L BHERL
7z. 2 112 p-RoPE ¥ JATRBURRIT ipana DAGHR TR
3. JEEGT & D RJERAEI D RoPE XIT.% NoPE 12
BEEBRZTD (> ipana/D), HREETIER ST,
KB RE D RoPE BEMICFIH I TwRWI &
PRENT. L L, BB % &7 RoPE X
% NoPE ICHE &1 2 % & KIEICHREIXE RS 5.
v EERR ARECH B, MEMEE
PES AR Z D MR INAETH S, £/, FEEE
HITMEREICH 53 2 EHERRHTH D, JEREA X
D ARSI DRI D RoPE XMREICHF S L 2.
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" Lyan=2048, 62048 5548, 821000

B2 {Luain, 10000, 500000} x {512, 1024,2048} D 6 ¥ Lyrain

DHABDRIZBIT 2 L2-/ LA %2RT. HIRYE,
HHflZ RoPE DK EHEERT (i€ {0,1,..., djey).

4 RiRBH DR

Rz, ZOEBERRETDH 2 BEBEEEI VD, ¥
ZIZ, YOEIWTHERINZ2D0EHL2ICT 57
B, (Ligain, 0)€{512, 1024, 2048} x{ Lirain, 10000, 500000}
DA E DORIZBIT 5 /NEE L Transformer 7 3 —
R DEFAIFE TR, BB 2 o Uiz, B
FE & Z DM FHERE R R A e L TV B

4.1 EESDR : ECICHEETIOH?

K212, 0 & Ly DGR T 22/ v~y 7
ZRT. 0FEET D E (Lgain = 512 — Ligain = 2048,
M2 DEDPST), Lian OIS ERE X
TICIANFEEI U, JERECH OALE D E R R KRS
RBIKET 22905, —7, Lgn ZEELT
o M2 (K20kE,5H), FEEEGIX
BITTHANBE T 2. Zhh s, BRI EFEET

BRICIFFEIE 0 & Liain DM HF KT T 2 Z & 2R
BXND. £, 0=Len & LEGEE, BRI
ANy RRICDI|RKA T v 7 AR E LS.

4.2 EIESR: WOHEZIDOH ?

SRR B D32 MR D Y OB TR XN b D
DEIHLICT 2720, ¥EFOKEIRY 7128
3 EEEAT OZEE E T Lz, K31, Ly, = 512,
6 =10,000 ¥ L7Z=ETNWIZBITE, FT Ky 7 TD
F—D2/NVLERT. TRy Z 1 TEEREE I
RIEKTH D DHIEEAEL TW5S 0, @A A3
PPIARY 7 3 F03 4 1B W TR BREGE S
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Stepl Z D& ZDHARHEIZRD & 512

Epoch 3

b i8S

Epoch 200 (Last)

B3 ®KTEyZI2BIT3 L2-/7 VA0, iRy
£, HilX RoPE D& MEERT (e {0,1,..., djny).

W35, 20k, ZOREEREITFEOHETITHE-
THHND Z e, R Ky 7 £ THFISh
5. Thbb, FEFEEHEEEIHICER SR, #
BEAREEBEU TREHETNS.

4.3 HEEmSh: EDELSICHEZDH ?

ZAVE TITEI U 72 BB DT A % AR L B
3 270, MEEROBRKRINE Ly £ 2K 2
HGzohike &, (EHMTEZRAKILT % RoPE
[\FER 7 AR HNEIR X N, BEBIR DR S L
3] LWOHORBMEILTS., TORFEMIET 372
B, Lyain & 0 DAZHNWT, EEPICZILE -0
£ LS9\ RoPE [HI#ER 7 % Tl LU SR D JE L
HWAEEXTT E s 5.

HWY #enz Bk 3579, w=0"%/4 2 L, RoPE

EHELRD 1 KT cos(mw) ICEBT 3. F—2 U1
B m € [0, Lyain] ZED L7128 & D cos(mw) DIEDIX
5O EEFHIIT 2728, cos(mw) DTELV (x) BERK
LB R RD 5.

V(x) = Var, Unif[0, Ly [cos(mw)], X = WLin,
FETE 3.

sinx 1 sin(2x)

Ekm@wH:f;gEkm%m@]:—+ .

\S]

;h#%\ﬁﬁﬁ®ijkﬁﬁfgé

sm(2x) sinx 2

Vix )_ 4x ( X )
Step2 77 H V(x) %Fﬁk@'%ﬂ‘?ﬂiﬁ%ﬂ?&)%f:
B, V(x) 2L, BEEMAV (x) =0 2l T R%

%mﬁé.wwzo%%<& x* 1% x* %~ 3.657210
THh, ZOLEV(x) IEAEE 2.V

Step 3 x* IZxf T 2 AREIEL j* T REIE 5 E
BOSIFEIILE 125, j* & 0724 = x* [ Liain 7> 53K

D V(x) x>0 BWTHIEERFOZH, B5H2IED
D S BRNDD DM V(x) DRBIRKAER 52 3.
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& @ FLS LSS
FEIFO=10000. HEmRF0=10000

PLL LSS EEL P L E LSS
SO
FERO=1024, #HK0=1024

&

PLLEL S LTSS K
FE0=1024. #iH

& &S
FF6=8192

Bl4 Needle-in-a-Haystack DFEHR. F_BEIMERFIETH 5. #HEwIC 0 2 KRE T2 L AMFERED M L3 5.

Do, RDESIWIEIETE 3.
d IOge(@

ke
Ja =
x

2

FFRERDIEVEEICHSD, X5 T % RoPE XJti
2%, 2/*+1) TH 3. ZDK, FEe, Ny FOX
T d, BRFRINE Lyain FETNVICE o TR 3.
Step4 3 HIICBIZ2ZETFT LB S j* Bt E
LR 2R 1R T. JEBEEBREERIT ipana &
J* Cibma 2 e x j* (e~ 1.1) OBFRERL, THIHE
cxj* EIFE KT A, EFABODb AR,
JZVRHDOEVCERT 2 EZ N5, ULX
D, BB Lyan £ 0 TPRIFEETH D, T4
DIRFUIR D IO E X 5.

v $EEm JREGE X, EE N AIE ST MR i
KT ZEMER 7 HAEIRIND Z e TERE N, £
DRICIX Ligin £ 0 WS K> THREEIND. 0 = Liain
DIE, BRI RARE BT E T 5.

5 0= Lirain ISNBZFIGEICT B

3, 4 HiDHEHD S, 0 = Lyain & ROPE 2 2XITT
IBRMCITERTE2RETH I EZOND. A
T, SEETNCBI R ZOEMEEWMIES 5.

REBERE RARIE Lpgin = 1024 b —2 ¥
T, 1B D Transformer 7 2 — X Z HH[¥EH L
7=. 6 = 10000 DJEH RoPE #RXR— 274 V& L,
FEE 6 =1024 OREFIE, BLUOHRFED A
0 =812 NHLRLLEGEZ, BFEERL CLHE
T3, FOMEBRFDEZMAFACEKEHL TV
%. Social IQA[13], PIQA[14], CommonsenseQA [15],
HellaSwag[16] & W o 72 RERW RV F~— 7 TFH
fii % 47 o 7=. A FEVEBE D EFAfi & L T, Needle-in-a-
Haystack[17] {Z & % #Hii & 17 - 7=.

EERER X425, 0=1024 T¥H LRI D
0=1024 THBETFTNIE, R—RAFL LT3
Y NHESRED S THEWNZ b otz. —HT,
AR 0 = 8192 ICEH T % &, AEMERED A BT
LZehbhrd. £2ED, 6=1024 THEL=E

), X* ~ 3.657210
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K2 THERAZOER. REFREIKOOENTH 3.

LK 0 TRE R
22T HERARF | SIQA PIQA CQA  HellaSwag
10000 10000 | 43.90 70.78 3235  45.00
1024 1024 | 4396 69.58 33.66  44.80
1024 8192 | 44.16 6871 3292 4491

TIUE, N=R 74 v RFEONIHEREZ HEFF LD
D, HEFRIFIZ 0 % 812 NJLIRLTH FIX A7 D
MHEENKREL TAB Z 3ol EBERD
5, FEIC 0 B HRARINE Lyan ICHEL, Hew
RRICD A 0 ZHRIRT 2 2 & T, BY¥E R LI
HEZMLETE 22 bhol.

AIMERTREBR DD 2 0 = Lign 1, B XHIHA]
HEZR AL BT 51t (LRPE) [18] & MET 2R ETH 5.
LRPE CIIHEFRIRFIC 0 #EZ % Z T, HHEEH
HTXx%[19]. &oT. AFED LRPE & FHRIC,
FRINRICE T 2 TEME 0 2/ L TNERRIUCE D A
ATWBAREMED D D, HamFD 0 DEED TH%)
E) ol LTl %, AMEgEoREIE T,
CIERRTE 2. XHICZDERICIIO L, RoPE D
MR RYINTDS & 5 E—0D 2 1ET 5[H
R T DSEER Y L THATWSATRESED D 5.

6 HDHDHIC

ARG CTIXJERBGT I2EH L, RoPE BT 51
BIEROBE A % 98 Uz, ARE B SRR
FEET, AEEEIAER - B E o 55H e
LCHREL, ZONMEBIFEE 0 & ZH R R ARSI
B Lpgin WX o THREEINDZ Z 2L LT
Z LT, RoPE DERM T DBHEREICTHF G T 5 &S
0 = Liyain & L7256, BFEERLUICTNREZ A2 0%
AEZ NF 5 Z e {AMEERED M E L7 2 & ZHH S
P U7z, DLED S, TERDEEHIE KIS X RoPE
DHEEREZHIFR L T Wz eS0T 5. RIF%ED
FH A EHHkZ, RoPE DEJKFHEE D A THE D AT BE
R REAB I UCEHOMENHHLICL, H
JEREWCB T - kt5dH 2 G 2 7 micH .

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/).



BE Xk

(1]

(2]

(3]

(4]
(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Jianlin Su, Yu Lu, Shengfeng Pan, Bo Wen, and Yunfeng
Liu. Roformer: Enhanced transformer with rotary position
embedding, 2021.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob
Uszkoreit, Llion Jones, Aidan N Gomez, L ukasz Kaiser,
and Illia Polosukhin. Attention is all you need. In I. Guyon,
U. Von Luxburg, S. Bengio, H. Wallach, R. Fergus, S. Vish-
wanathan, and R. Garnett, editors, Advances in Neural
Information Processing Systems, Vol. 30. Curran
Associates, Inc., 2017.

Hugo Touvron, et al. Llama 2: Open foundation and fine-
tuned chat models, 2023.

Aaron Grattafiori, et al. The llama 3 herd of models, 2024.
An Yang, et al. Qwen3 technical report. arXiv preprint
arXiv:2505.09388, 2025.

Gemma Team. Gemma: Open models based on gemini
research and technology, 2024.

Bowen Peng, Jeffrey Quesnelle, Honglu Fan, and Enrico
Shippole. YaRN: Efficient context window extension of
large language models. In The Twelfth International
Conference on Learning Representations, 2024.
Federico  Barbero, Alex  Vitvitskyi, Christos
Perivolaropoulos, Razvan Pascanu, and Petar Veli¢kovic.
Round and round we go! what makes rotary positional
encodings useful?, 2024.

Yiran Ding, Li Lyna Zhang, Chengruidong Zhang,
Yuanyuan Xu, Ning Shang, Jiahang Xu, Fan Yang, and
Mao Yang. Longrope: Extending 1lm context window
beyond 2 million tokens, 2024.

Amirhossein Kazemnejad, Inkit Padhi, Karthikeyan Nate-
san, Payel Das, and Siva Reddy. The impact of posi-
tional encoding on length generalization in transformers.
In Thirty-seventh Conference on Neural Informa-
tion Processing Systems, 2023.

Meta. Introducing llama 3.1: Our most capable models to
date. https://ai.meta.com/blog/meta-1lama-3-1/,
2024. Accessed: 2025-05-08.

Stephen Merity, Caiming Xiong, James Bradbury, and
Richard Socher. Pointer sentinel mixture models. In In-
ternational Conference on Learning Representa-
tions, 2017.

Maarten Sap, Hannah Rashkin, Derek Chen, Ronan
Le Bras, and Yejin Choi. Social 1Qa: Common-
sense reasoning about social interactions. In Kentaro
Inui, Jing Jiang, Vincent Ng, and Xiaojun Wan, editors,
Proceedings of the 2019 Conference on Empiri-
cal Methods in Natural Language Processing and
the 9th International Joint Conference on Natural
Language Processing (EMNLP-IJCNLP), pp. 4463—
4473, Hong Kong, China, November 2019. Association for
Computational Linguistics.

Yonatan Bisk, Rowan Zellers, Ronan Le Bras, Jianfeng
Gao, and Yejin Choi. Piga: Reasoning about physical
commonsense in natural language. In AAAI Conference
on Artificial Intelligence, 2019.

Alon Talmor, Jonathan Herzig, Nicholas Lourie, and

[16]

[17]

(18]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

— 3246 —

Jonathan Berant. CommonsenseQA: A question answer-
ing challenge targeting commonsense knowledge. In Jill
Burstein, Christy Doran, and Thamar Solorio, editors,
Proceedings of the 2019 Conference of the North
American Chapter of the Association for Compu-
tational Linguistics: Human Language Technolo-
gies, Volume 1 (Long and Short Papers), pp. 4149—
4158, Minneapolis, Minnesota, June 2019. Association for
Computational Linguistics.

Rowan Zellers, Ari Holtzman, Yonatan Bisk, Ali Farhadi,
and Yejin Choi. Hellaswag: Can a machine really fin-
ish your sentence?  In Proceedings of the 57th
Annual Meeting of the Association for Computa-
tional Linguistics, 2019.

gkamradt. Llmtest needle in a haystack — pressure test-
ing llms. https://github.com/gkamradt/LLMTest_
NeedleInAHaystack, 2023. Accessed: 2025-12-31.

Sho Takase and Naoaki Okazaki. Positional encoding to
control output sequence length. In Jill Burstein, Christy
Doran, and Thamar Solorio, editors, Proceedings of
the 2019 Conference of the North American Chap-
ter of the Association for Computational Linguis-
tics: Human Language Technologies, Volume 1
(Long and Short Papers), pp. 3999-4004, Minneapo-
lis, Minnesota, June 2019. Association for Computational
Linguistics.

Yui Oka, Katsuki Chousa, Katsuhito Sudoh, and Satoshi
Nakamura. Incorporating noisy length constraints into
transformer with length-aware positional encodings. In
Donia Scott, Nuria Bel, and Chengqing Zong, edi-
tors, Proceedings of the 28th International Confer-
ence on Computational Linguistics, pp. 3580-3585,
Barcelona, Spain (Online), December 2020. International
Committee on Computational Linguistics.

Alexei Baevski and Michael Auli. Adaptive input represen-
tations for neural language modeling. In International
Conference on Learning Representations, 2019.
Ofir Press, Noah Smith, and Mike Lewis. Train short,
test long: Attention with linear biases enables input length
extrapolation. In International Conference on Learn-
ing Representations, 2022.

Myle Ott, Sergey Edunov, Alexei Baevski, Angela Fan,
Sam Gross, Nathan Ng, David Grangier, and Michael Auli.
fairseq: A fast, extensible toolkit for sequence modeling.
In Proceedings of NAACL-HLT 2019: Demonstra-
tions, 2019.

ofirpress. Attention with linear biases (alibi).
https://github.com/ofirpress/attention_with_
linear_biases, 2022. Accessed: 2025-12-31.

Colin Raffel, Noam Shazeer, Adam Roberts, Katherine
Lee, Sharan Narang, Michael Matena, Yanqi Zhou, Wei Li,
and Peter J. Liu. Exploring the limits of transfer learning
with a unified text-to-text transformer, 2023.

Yui Oka, Taku Hasegawa, Kyosuke Nishida, and Kuniko
Saito. Wavelet-based positional representation for long
context. In The Thirteenth International Conference
on Learning Representations, 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/).



A EERFHRTE

B 4.1 DEEREIETE  Transformer N — 2 D EZEE F U [20] 21 o THEFME TR 072, T— Xty M,
WikiText-103[12] % {# 5 7z. WikiText-103 7 — Xt v M, 1230055 +—2 > L EDFERRK Wikipedia DFEEEH» H AKX
N3, HEEHDABDRICE dpoder & 1024, ~Nv FEnlE8, Ny ORI d 13128, LAY —EiX 16 TH 3. HE
EERCTH W T X RFEIX ALBI DJFFHY 21] LR T dDEM -7z, FH TRy 28I 205, Ny F¥ A X1F 9216 T
B3, FEEIZT10 2L, ¥EOMEET 16000step T 1e-7 §TOFEH L7z, TEITIIHR [21] 23R T B fairseq[22] R —
ZADa—F 23] ZHWV, NA =T XRXIFETIZEWTHE [21] LA LEEE Lz,

B 5 DEERE]RTE RoPE ¥ FlashAttention % AW 7= OLMo E 5 )LX— R D Transformer 7 3 — & %28 LU7-. BAXKIT
Bid 2048, FEEL 16, ~v ¥ 16 ¥ L7z, FERORRKRIIER Lyyn 131024 b =2 > ¥ L7z, §85Y A X1 50,280 T
GPT-NeoX/OLMo Dolma v1.5 b —2 4 ¥ 2 iz, Fmi#E{biZid AdamW (81, 62) = (0.9,0.95)) Z AWz, FERIIE
K6x10™4 2L, 10,000 2F v FDY 4 — L7 v FHIZ cosine A% ¥ 2 — L TEEI Y, BRINCHEKRED 0.1 1% TR
TEE Ny FHARE512 8 L, BRIEFIQEHEGECA a— R 24 2RV, 1| TRy 75 0¥E 2T 7.

B 0= L., DEOREEEEIR

fi 4112815 0 = Lipain DBEDBMOHTE LT, i3 LRI ZEITR 7. HARIE Liram = 512 DD, #

TFERTC, p-ROPE DX—F L F T 4 BIRT. Lypaim = 512 LEEOK, TEERITIZ 0 DEPKEL ZAUER2IFY,
EREERTCICE D Z e b olz. X 51T, p-RoPE DFERD S, 0 = Liyein DR, BT RS EEFROXTTICH 5 7=
B, RJEIRKITC% NoPE IZB &1 %2 2 2 HEEIL R L (1=0.90 D), £ TDORILD RoPE BHEICHE L TWB Z 2 aih
Mofz. LHL, 6=10000,500000 DKL, r=0.50 ¥ TIXKEH % NoPE ICE XX THHEEK RO RN o7z, Z
NODFEREN S, KIRERSEETIAL I TR, MNIEZEF AT EEEH Bl S, Z ORI 0 DfEICHK
FT32LV0O5RBIIED SN Z b o .

K3 H3LFAUAMEH 41 D 0 = Liygin DETAMATR 0 209HTHER. BAKRIIE Livain = 512 DHBEDAHRT.
AL 0 AR RTT p-ROPE D R—FL ¥ 7 4
iband ibana/% 1=10 1=090 r=0.75 r=0.50 r=0.25
512 60.5 0.94 19.58 20.18 2428 3511 98.26
10000 30.12 0.47 1939 1939 1939 2271  63.59
500000 17.00 0.26 1935 1935 1935 1935 3446

C AVTXAMIRDI-OHDBEBFEZITEIIBE DI

RERRE sMFMEREom bicHEME S B E{LFEL LT, Atention with Linear Biases (ALiBi) [21], B &
UF Wavelet Positional Representation [25] & D [LERSEERZ1T - /2. REREEIXH 41 L H—2 L, ¥ERORKRIIEIX
Liain = 512 IHi— L 7= AMEMAEIX, WikiText-103 F— &t v F [12] DF X bty MZBIF B 8—F L X2 F 1 T
L7z, &7, (RO LM 2B 3 a Y75 2 MERE FMIC, MERMEE AWML To4-. ot E, &K
FINEAZ Lyain = 1512 £ L, NMEMBTIEICIE Qwen[5] 2 ¥ THWSHRTWAS YaRN [7] ZHRH L 7=.

BERER R4 CHEBRERLZRT. JMEHECERT A, B EWEEERTRLZDIE Wavelet i BRELTH o 7.
RoPE ZTFIEDHTIX, BETFIETH S 0 = Lyain REPRDBEBNIANEMEREEZ R L2, —F T, 0 = Lin B, BHEOD
0 FRE L B U CNFEMEEDS R R T 2 Z L SRR S, 0 DMEIZIE U= N ERE L AMEMERED P L — R A I EET B 2
LB, X5, MEBEMETFE YaRN ZHWEI Y FF X MEERToHBEICd, TO ML — FA713HFIA
52 e EREINz. v T F X MERIZED, RoPE IXFERORIIE (1512) 2HZ 32 EIITBWTH —ED/ M
BEZRT X D122 20, ZOH TR 0= Lygn iXEDED EWVIMEMRERER LTV 3.

KA RN—FLFIT 4 OEREPTRT. YaRNIZa Y 573 2 MEEERICEHA W 2 MBRBFETH 3.

RRFRINE Lisain FK 0 Al DRI L

HEiEE  BEHE o HeR 512 1512 2512 3512

WaveletRPE 512 - - - 19.20 1799 18.00 18.21
ALiBi 512 - 19.69 18.53 18.40 18.43

777777777 512 - 10000 10000 1939 43.63 8445 >100

512 - 500000 500000 1935 4039 7790 >100

RoPE 512 - 1000000 1000000 1935 3794 7426 >100
512 - 512 512 19.58 21.19 2420 2742

512 - 512 1512 20.02 19.09 21.40 24.00

512 - 512 3512 21.28 20.27 20.37 23.00

512 1512 10000+YaRN 10000+YaRN 19.10 17.84 17.75 18.37

512 1512 500000+YaRN 500000+YaRN  19.14 17.89 18.83 18.34

RoPE+YaRN 512 1512 1000000+YaRN  1000000+YaRN 19.07 17.76 17.81 18.72
512 1512 1512+YaRN 1512+YaRN 19.62 17.78 17.56 17.65

512 1512 1512+YaRN 3512+YaRN 19.38 17.99 17.66 17.64
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