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vx—7 Ly MIEfSt
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e

AWFFETIE, [MERTTHC & (BT 5L RoPE 23
vrz—7Ly FNEH (WD) Oo—fr LTHRRT
%Y. UL, RoPE X WT OF| S %14
WKWIEHTETWARW., ZF 2 TAIFETIE, [FiXED
A LTV A B R 510 o Bl e 1 8 & JL5R
L, WT OFREZRIED U= BRI R » 8 LW E
B FEERRRET 5. IBEFIREZ, 1EROFIET
WL 2o R ARRVIE R B A S 2RlEEIc S
52 ®IRNT.

1 IXCHIC

Transformer IZF DW= KRB S EEE 7 VI3 HE 4
BRERZAZIZBWTENLRN R BEL TV
[1,2]. L2 L, FHAiFEROFHEEIRDOGHIRID 5,
ANXDOERKFRINE REETIE, Lpax EEFRTS)
FHANCRDZRBBLD D, ZOFER, Lpax &P
SRV ZIMET 2 L EREDRZ S IAS. Zhid
EFILDERTEBRFIC Lo 2B 3MVEDOREZ
L TWARWZ EAFRRETH 3 [3].

NEDERBE DL, EEFEMEBR St (SPE)
[1] R EHEATHNC & 2L ERF 51t (RoPE) [4] 72 &,
IE5EH D & 5 RER 2O Z RO ORHER
YEINTWA. K2, RoOPEIIEXZHHIZ L DK
HIRSEET L TEIRAINTWS. L Ligh
5, RoPE DAMEAMEREIZR W28, — AN E
HETE B2 EA IR LD, ZhBIEEFEIC
MATEMOMPABLNLETH D, FEHIARX X
BIZroTLED. ZUuTHL, AL 7 2%
fifi o 7B E{ (ALiBi) [3] (3 MFARE 22 L THME
MAJRETH B. LA L, ALBilZ, X545 42
T4 YRTODEIRIT T VY a Yy DR R
R3 2729 (7], HWKERERICDH 2 IHHRIZEIF T
XRVIREDND 5.

AW T, AETEEDRO T TV a Y DORE
BH2HIR LR W ETF SOV THEETT 5. 1]
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PR
NTT A\ HEEHRITERT
=0, a2, b Shift
e [
i=d-1,a=2", b=0
—_— t\.
. =<7\
— Scale
Qo) L ) vx—7L v B Vo
ql| ) - Pm, 0 Pm,1 pmN Pm, 1
Wimo [ Wmn] -+ [Wimm] - - - Wimn)] 1 =0
am I ) . @@ .. wl - - [Wim) i=1
q]’_,r ) - —‘ @vm_ N (70 R (7 P
=y EPORITAC

1 IR R TFEOME. RPE[8] ICBIT 32 AlHER
HHAADRDLYIZ, V=T Ly MEE g, I
BEOWTHMNE (pun)! ZFHHET 2. ZOHITIE
Voh—oz—TLy hERLTWVWS., AT —)la
7 RbiX, Ny RORTTEdITE->TEDS.

»iZ, RoPE IZMHERAEBBIFFETHI V-7
Ly FE#H (WT) 9| D—HETHILBIRTES
CE&ERY . [FHEEBEENT G5 T IR & R
WRRFT L, WERRGEICHE S EE 0B R E e X
5ZEMNTES. XNOK =27 Y OMNEZKH L
LT L7 %, RoPE 3N BEDNERFICHE > TE
Bz TS DTIIR L, RITOBIHE > TEHZITS
72, RSBt S EE 0N E b eI X % 2
EDRTERWV. EHIT, WTIZBIF AT —85
X ZWZHET 28R A4 XIF—ETHDH, RoPE Z1E
SEEBDORr — VT TE5 05 WT OEE
REMEZ TIEHTETLR L.
INHDOFHD S, RHFETIE WT 2 ERSL
WHEA L z—7 Ly MIBFS{LEZIER T 5.
MEDIEFICH > T WT 2EIT LEROES A X%
BAT 2T, AROKEEER MBI S(LICEH S
3. X512, HEMIERE (RPE) OF5 ik [8] It
52T, REFRIILEBNER ICFEETLZ N
T2, EEEEO EBIER D &, 1EROMERTS
L LERNTIREFIELENTH 2 Z e b o /2.
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EL-3—
2 B=

BFSt MEFSEXHCBI2% -2
YOMNEERBL, XOELE»SDNMELZRIT S
MoSIE e, XHICBT 5% b —27 > DX AL
BEE R T 2HNNED D 5. RoPE [4] 1o E
O—fTHY, HEEITHZMEHLCHEZFIEL,
JIVEeF—WCRETLZ I TNEEZRRT 3.
RPE [8] 1A 32 b — 27 > DFEBED N B % £ 3228
AIREREDIAAZ > THMVEZRHT 5. 20
X5 A B IR B ITRE L R W BERRTH
%78, AMEICERITH S, FRZ, ALBi[3]1X, 4
FICHNZABIFELD—D2THD, HNy FOE
BRATZIHYIEANAL 7 RAZMA 5 Z 8T, IXXTD
b= OB EZ RIS 5.

BFRI BRI R BURAT [10] 21X, (B
&% BT, ZOREEFANRS FIET
HD. LhL, FEBEEIENCIERE D REEED o
D) FET OV REFERIEKESNZWV. Z
AU U, REREJE RO [11]1%, BE 0 DR
T YD 2 H > T\ 222 RO
5ZC%®AREICT . T Yz —T L v MEH
(WT) [9, 12] 1%, BEDR T — LR EETES%
L, TP OB RN HAAEETH S, WT
X, BERER TN U TR VIR o EEE R, (K
U570 U T O JE R 57 R RE % B DAY IS e it
TE57:9, IFEFEZOMITITEL TW5.

3 ROPEXVIT—TLv I EH

31 9x—JLvy rEE (WT)

vz —7 L v b (wavelet) [13] 1%, ¥E D FREfE
(ZEf]) WRATMEL, Zordbh it 3icohT
WENABIT/NSI LS RZFETHE. ERAERR LT
ERINTBE y B, [EAETEBDOZEMTH 5 1E
JIRES BB L2(R) B L, [T | y(x) Pdx <o
i THE, R WWRITvz—7Ly ML
ME 5.

e = 0(7) 1)

ZIZT, bIETT L, a> 0 AT —NARTIRARTH
5. Ar—Z, KYBRET2HME, KOWRIEZ
FIFHICZE L E 5.

HiEEE»S, —EHRETT Moy 7Y v
LI IRELERE, v2—7Ly P& (WT)
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911X, vap(t) 155 x(r) DNEEREIHET 2 Z & T,
1E5 R EIR & FEEEIBIC 2§ 5.

T-1
W(a,b) = > tan(D)x(0). 2
t=0

IThbb, WIHMEBEAX—La P 7 FbiTk
% HRBAR R 5 2 M T 5. BlRIX, T=4
HOBERIEE %R, A7 —a=1, ¥7k b=]0,2]
WEMT 2355, X Q) 375N TtRHETZ 5.

x(0)
[W(Lo)l _ [!//1,0(0) Yr0(1) ¥1,0(2) Y1,003) | |x(1)
W(L2)|  |¥1.2(=2) v12(=1) ¥1200) v12(D)]| [x2)|
x(3)

O, BRET 2HEHEINTIE, v2—T7L v b
1THlY OB EZEOMHEIZ 012550, 010K, &
DHFFX, v=—TL v ’EBUC X - TER 3.

3.2 RoPE

LD/, Ny RRILE d = 4 DFFD RoPE
3 (3) ITRT.

cosm@; —sinm0; 0 0 qgl
sinm@; cosm0 0 0 qy 3
0 0 cosm@, —sinm0, qg’
0 0 sinmf —cosmby| |q5

DR, g™ e R' X 4 IIRTTHD d DHED m HH
DI TY, §; =10000"20-D/d T2,
3.3 IESRAVARER

ZDOHITIX, ROPEIZWT OD—FELEZ 22 h
TELZIELERT. DI, "~LTz—TL vk
[14] 2 BB Z BB v (1) BEFRT 5.

cos f (1) 0<r<l,
y(t) =13 —sinf(r) 1<1t<2, “4)
0 otherwise.

fIRSRE, [Ty ?de<oo R [T y(t)dt =
0 &7 TREBYE T5. ¢(r) DIEMPHIET 2 HPHIX
0<t<2THH, ZHLHOHPIIO0 &2 5.

XKz, 2 (3) TR L7z RoPE DA EKITH WT D
—HETHE2Zr%ERT. d=4HOBEZEERKOE
Ex() XT3 WIIE, X —La=1, ¥7 b
b € [bo, ba,..,da_2s] = [bo, b2] DR, LLFD & 5125
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HTE3.

x(0)
W(l,bo)| |cos¢o —sing; 0 0 x(1)
[VV(l,bz)] - [ 0 0 cosgy —sings|[x(2)|
x(3)

ZZTC,bj=j-0(j) LEETS. 6(F,0<1<d-1
PO 0<6(r) <1 &/ SHFABBTH S, 51T,
$; WTDOWT, jOEBOBEL ¢; = F(1+6())), 1A
BOLE ¢ =f06() &35, j=0,2,4,...,d-2
Kﬂbf,@:@H=mgqt&5i5mf%E

FLEHY, 20 WT 13K (3) D RoPE DHFERITTD
EHATH L [[]—1272 5.

X5, DFoN—1BY 2 —T Ly by'(t) %
i 5 L MBECRITD ROPE ICHEWT B FIFEIZA D 32D,

sin f(t) 0<t<«l,
(1) =1{cosf(t) 1<1<2, (5)
0 otherwise.

PEDZ¥eh5, RoPE KD 0 <1 <2 DEHICH
EIT3Vx—7Ly beEfEoTc WT LREEDOWNIE
ZAY FRFICHLTIToTWS, LT 2.
4 vx—7Lvy MIBEFSt

vx—T7Ly M, K 2 HICBLT 21E
SOHMREBEZIRZ 2DICG8TH Y, FEHTI
EHONBRVEAARSEOMEMEICL AN THLE
ZoMb. oI, MHEERIT S BT, SR TEHR
DELICKIIIHIETE S Z e DPEETHS. 2D
728, WTIIAMEICOEMRFIETHIEEZ LN
5. L2L, ROPEZ WT AT ¥, INDOKET
WT ORI %+ IIEHTETWiw.,

P1 WT IR TEH# 21T 5 DI L, RoPE &
Ay RRITTHTE# L TE D, HEONBEER
PEEN - TV,

P2 RoPE XA 7 — LVHiHD—ET, 270 REE
o TV,

P3 RLHHMTRTy 7 LOZELLDLEDHZ BT
EPHERB N VR R FH L TWS 20, /
A ZDFEEZ TR TV,

ZZT, WT OFEZ MBS LICEHA LY = —

TV vy MIEMNSLZIRET 5.

D @) BV =Ty bOFEFNZHIZT L7 (1)
FIES 2 REMEAER A (R
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4.1 FHiEiE
F % 12 RPE O G ERICESWT WT 2N ER S

LIS %Y. RPEE, 7TV LN EEDIA
ADONEBEZETE T2 CTHHEEZRFET .

_ qmk} + qm(pma)”

€m,n \/E >

CIZC, gn BRI LOXOmFBHDODZ Y
(gmneR™ 1<m<L) THY, k,idnFHEHDF—
(kneR™ 1<n<L) THB. TIT, pmnld, m
HHOZ U nHHOF —FTOHNNMETH
%. RPE TIE, ppn 2RET 21012, Ar—1L%
EE U7z B R DIAAZEH LT W 5.

BOMBREER pu, TRHT 5701 EA]
REREDIABZMEHT 2RO, dfHlOY =z —7
Ly ML THEZEHETS. ZDXS5IZRPE
DITIEIC WT ZHlAATe Z & T P1 TR L -
FEONEIERZH > T WT 2Sa[REL 72 5.
BHRORTr—I dflOY=z—T7VL vy v ERT—
NIRRT R R a, 7 MRTRAX b EHASDODE TR
W3 5d. d=128 D, XD 8MED a & 16 HD b D
HAEGDE (a,b) € {2°,21,22,..27} x{0,1,2,3, ..., 15}
SV, ZhICkoTP2 CHEMLA-XEX Y
RAT =T X R (3REE) ZIEHTE 5 K512
5.

Jx—7LYyrDEE v—7L v MEEUL,
LRV v h—Txz—TL v b [15] 21>,

(6)

2
w() = (1= exp(5-)- ™

FKcDHIETIERPED X527V v B 23 TH
3, XEORIEZTIINLTYy=—7 1Ly MEEZ
o TNBEZFHETS. £/, AKkOY=z—TL v
MIX () DEIIRIEDEDLZD, 77> ay
AAT7NDOEERZEZIR\ELEELRV. ZhiZ
XoTP3THMLLEM M Y= —T7 Ly b 2IEH
TE2E51Tk3. by, BEFHEIBIS
FEXHOLE pon (FRD &L S ICEIH SRS,

I e I

2) RoPE 2R T 2 Z & dMET L7203, RT—ILRF XD
fED d L TFOEICHIB NS 2, FHEaX FH8Nns 3
Zr, XEVFEHENSEMT 2 2, HIMLED G HIMEIC
B THZ e 2BF AT, RPEDHERERMA L.

3) BRDEDoERTXEZOMAEDLEEZZTIERELTW
5. ZOMD T X ZOFERIZAFED ISR
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£ 1: 8 5.1 1281 2 EEREEE (PPL)

R
256 512 2512
NoPE[18] 2323 21.53 4848

ROPE( = 10*)[4] 2098 19.39 93.94
RoPE(0 =5x 10°) | 2095 1935 77.90

Trans-XL[19] 21.53 1996 19.05
CALBi[3] [ 2132 19.69 1841
Wavelet 22 F7%) | 20.82 19.19 17.99

0 ALiBi RoPE . Wavelet

» ® T

512

B g N
1 e Jos .
1024 ““?\10247 SRR 1024t

| h
0 512 1024 0 512 1024 0 512 1024

X 2: RINED 1024 DRDO T T a>Rar7on
b— v 7 s =y, HElh S —.

5 ER
5.1 JRELETILTOME

EERERTFE  Transformer X — XA D/NHIE R SE €
TV [16] % fifi o TLHHFHI 2 1772 o 7. F8 L §F
i 7 — &+t v bi2iE, WikiText-103[17] & fifi - 7=.
AFEBRTHOW NI XAXREX B EFEALDD%E
572, FHEHHEICIE Perplexity (PPL) % FW 7=,
F 7z, HERORKANEZ Lyax =512 2 L, R
23256, 512, 2512 DZNZNTHKAEL 7=.

R=Z5A4Y R—R74 LT, §DfEN
10000 ¥ 500000 (Z7%E L7z RoPE & LEE L 72, X5
1, MERFSL%{# b % NoPE[18], Transformer-
XL[19] TR XN TW3 RPE D p,,., #IEEIKICE
B LNMER S, LT, ALBi[3] KT 5.

RERMER EEREEREERRIITRT. Lpw =512 &
DHYREVWLZNFLZGETH PPLY 252 L
Mo, RBEFIEINEEELH ET 2 Z e bho
72 F72, Lpax &Y BHEWIIOWTSH PPL IR
W, RBRLE WT PEEE - REBOMGRYE
WAL THEMZE T WS Z L 2HRTE. X5
W, ROty = — 7Ly FEEET D A
DRERTH 5 2 L RRER LY.

SEFOHE NM212, 775 ayRaron
t—rvy 7ERT. ALBIWZ 7TV a VOZA
FEHRBRLTED, EBOHEOERELEZA T

4) R EEREGE IR B IZRCE.
5) DY =—T7 Ly bEROERFRIIAAER CIZRIHE.
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2. Hi5.2128 3 EEESE (PPL)

R
4000 8000 16000 32000
ROPE(§=5x10°) | 945 933 912 890
Wavelet (85 F7%) | 9.00 9.01 8.83 8.60

2. ROPE IR AANE Lyux =512 282 5 &,
< v ITHARPENDS. ZOXAFRIIMENT X
TWRVWREEEZ 5N b, BETFETIE, ZAH
ZHIRT 2 Z e B BOWHEOHERER A TED,
MAMD LR DDBIFELRV. Ko T, #EF
REZETEHIRT 2 2 e R AMERTRETH 5.

5.2 KFHE%TTIL T O

RERRE REFELIKHELZET AL THEND
YIS RMEFT 3. SEEE T Llama-3-8BY L[ U
ETFNDEFIEER{To7-. 2EHTFT—&ty MTZ
Redpajama[20] Z F|H L, #FfiiZid Codeparrot[21] %
M U7, FHMEIE0ICIE Perplexity Z Wz, F 7z,
EREDRAASTEIL Liyay = 4098 ¥ U724

AR—Z54Y Llama-3-8BY THHAIATW 3 ¢
DAE% 500000 {23 E L7z RoPE & LE#ES 5.

RERER EBRERZEZE 21 ORT. BER2S, &
FIRICEED 5 TIREFIEDTH RoPE & H b PPL 8
Bz edbhroz?. koT, KEEREFLIC
BOTHIREFEIIANTH 20D H 5.

6 &HDHIC

AWFZETl, RoPE 25 WT O —JEREY L TR T
%, RoPE T WT DRt ZELE TRV %
B2 L7z, RIZ, WT RN BARSEE e it
FHICHELTWDS 2IREL, WT OFREZED LT
vz—7Ly MIiBRSLERE L. EBEED
5, REFHEEIZETLHIRT 2 e EDR
WHHRETH 3 Z e bh o 7=,

AFFED IR b EELE#IE, ERFICEFL TV
TN BERF L O HERIIER Z EE M FIE e U ChE
SMLENTWDS WT IZHRRL, #iliifiT —~ %
iz icdsd. WT oA L7=ARKFIETIINME
MAJREL 722 Z L TEMOEEE N AREL 2D, &t
BREREZ DB T 2RARVIEILIRDH 0
2 MERE WS, EEEFEELRREORIICERRT
x5.

6) https://huggingface.co/meta-1lama/Meta-Llama-3-8B
7) BRI XE QA R X D KX R 2 % &1 LongBench[22] T
b Bl 21T o 72 FEERAG RIS AT B B ICELHL.

This work 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]

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 Ad-
vances in Neural Information Processing Systems,
Vol. 30, 2017.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier
Martinet, Marie-Anne Lachaux, Timothée Lacroix, Bap-
tiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar,
Aurelien Rodriguez, Armand Joulin, Edouard Grave, and
Guillaume Lample. Llama: Open and efficient foundation
language models. ArXiv, Vol. abs/2302.13971, , 2023.
Ofir Press, Noah Smith, and Mike Lewis. Train short, test
long: Attention with linear biases enables input length ex-
trapolation. In International Conference on Learning
Representations, 2022.

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

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.

Iz Beltagy, Matthew E. Peters, and Arman Co-
han. Longformer: The long-document transformer.
arXiv:2004.05150, 2020.

Ta-Chung Chi, Ting-Han Fan, Alexander Rudnicky, and
Peter Ramadge. Dissecting transformer length extrapola-
tion via the lens of receptive field analysis. In Proceed-
ings of the 61st Annual Meeting of the Association
for Computational Linguistics (Volume 1: Long Pa-
pers), pp. 13522-13537, July 2023.

Peter Shaw, Jakob Uszkoreit, and Ashish Vaswani. Self-
attention with relative position representations. In Pro-
ceedings of the 2018 Conference of the North
American Chapter of the Association for Computa-
tional Linguistics: Human Language Technologies,
Volume 2 (Short Papers), pp. 464-468. Association for
Computational Linguistics, June 2018.

A. Grossmann and J. Morlet. Decomposition of hardy
functions into square integrable wavelets of constant shape.
SIAM Journal on Mathematical Analysis, Vol. 15,
No. 4, pp. 723-736, 1984.

Ronald Newbold Bracewell and Ronald N Bracewell. The
Fourier transform and its applications, Vol. 31999.
McGraw-Hill New York, 1986.

Dennis Gabor. Theory of communication. Journal of the
Institution of Electrical Engineers - Part I: General,
Vol. 94, pp. 58-58, 1946.

S.G. Mallat. A theory for multiresolution signal decompo-
sition: the wavelet representation. IEEE Transactions on
Pattern Analysis and Machine Intelligence, Vol. 11,
No. 7, pp. 674-693, 1989.

J. Morlet, G. Arens, E. Fourgeau, and D. Giard. Wave
propagation and sampling theory; part i, complex signal
and scattering in multilayered media. Geophysics, Vol. 47,
No. 2, pp. 203-221, 02 1982.

[14]

[15]

[16]

(7]

(18]

[19]

(20]

(21]

[22]

(23]

— 609 —

A. Haar. Zur theorie der orthogonalen funktionensysteme.
(erste mitteilung). Mathematische Annalen, Vol. 69,
pp- 331-371, 1910.

Norman Ricker. Wavelet functions and their polynomials.
Geophysics, Vol. 9, No. 3, pp. 314-323, 07 1944.

Alexei Baevski and Michael Auli. Adaptive input repre-
sentations for neural language modeling. In International
Conference on Learning Representations, 2019.
Stephen Merity, Caiming Xiong, James Bradbury, and
Richard Socher. Pointer sentinel mixture models. In Inter-
national Conference on Learning Representations,
2017.

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.

Zihang Dai, Zhilin Yang, Yiming Yang, Jaime Carbonell,
Quoc Le, and Ruslan Salakhutdinov. Transformer-XL: At-
tentive language models beyond a fixed-length context. In
Anna Korhonen, David Traum, and Lluis Marquez, ed-
itors, Proceedings of the 57th Annual Meeting of
the Association for Computational Linguistics, pp.
2978-2988, Florence, Italy, July 2019. Association for
Computational Linguistics.

Maurice Weber, Daniel Y Fu, Quentin Gregory Anthony,
Yonatan Oren, Shane Adams, Anton Alexandrov, Xi-
aozhong Lyu, Huu Nguyen, Xiaozhe Yao, Virginia Adams,
Ben Athiwaratkun, Rahul Chalamala, Kezhen Chen, Max
Ryabinin, Tri Dao, Percy Liang, Christopher Re, Irina
Rish, and Ce Zhang. Redpajama: an open dataset for
training large language models. In The Thirty-eight
Conference on Neural Information Processing Sys-
tems Datasets and Benchmarks Track, 2024.
codeparrot. Codeparrot-clean, 2021.
//huggingface.co/datasets/codeparrot/
codeparrot-clean/.

Yushi Bai, Xin Lv, Jiajie Zhang, Hongchang Lyu, Jiankai
Tang, Zhidian Huang, Zhengxiao Du, Xiao Liu, Aohan
Zeng, Lei Hou, Yuxiao Dong, Jie Tang, and Juanzi Li.
LongBench: A bilingual, multitask benchmark for long
context understanding. In Proceedings of the 62nd An-
nual Meeting of the Association for Computational
Linguistics (Volume 1: Long Papers), pp. 3119-3137,
Bangkok, Thailand, August 2024. Association for Compu-
tational Linguistics.

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.

https:

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



A II—TLy FOFEEMH
RKETWE, yO) PV z—TVLy NOHFBREZLEET -
TR FPFEETAILERT. 22T < f() <
2km(0 <t < 2) B/ THFABEK f() IcoWTEZRS. 2
72U, klEm<2kn BT HRANDERKE T 5.
HIDIZ, 0< f(1) < 2kn ZHG7TEED f() ITOWVT,
[ lw(x) P dx < 0o ZHfi72 T Z L IZAPATH 3.
Rz aFHHIZONWTEZ B, f(1) =2knt(0 <t <
D, f(0)=2kn(t-1D)(1<t<2) ELEHE, 6=f0) B

<&,
oo 2km 2kn
/ W (t)dt :/ cos 0d0+/ —sinfdf =0 (9)
—o0 0 0

i, ZhEEn YL TRED, y Bz —T
Ly heRBEDHEHETEZEERD.

ZLT, j=02,...,d-210LT, ¢;(=f6()) =
@H@fu+&ﬁ»=2h&0=mq¢1%ﬁt?é@ﬁﬂ?

"

ETB2ILMOERTHS. DFD 6()) = 55— =
0,2,...,d-2) 2= HEE 1 2EFEBRFRWV

B EERERTE

Bl 5.1 ICHITBEERETE  Transformer N— 2 DS EE
ETNI6] Zffio THEFFMEIT R o7 T —Xt v
Mi2lX, WikiText-103[17] Z{# o 7z. WikiText-103 7 — &
v ME, 113007 b —2 > L EDHEER Wikipedia D
REILOMREINDG. HEEEDIALDRITE dnoder 1E
1024, ~Nv F¥nix8, ~Ny FOXRITE 41 128, L A
Y8BT 16 TH25. HEEBRBTHVWZL NI X XFEIT
ALBi DGR 3] L AL b DEE- 7. EHI Ry 78
13205, Ny FH AL RERNI6TH3. ZHEI10LL,
2238 DR T 16000step B2 1e-7 $OHEH L7z, EEIC
VSRR [3] AMHRAET B fairseq[23] N— R DT — K8 R,
NAR=NRTRARIFETIZBWTHE 3] EALEREE L
7z. ¥7z, FHRORRANRIE Lya =512 2 L.
5.2 ICHTBRERRE S75E 7L Llama-3-8BY
CHECETVOERMFPEEZT o2, FET—XEy MC
1% Redpajama[20] @ 1B F—2 > 4310 2 FIf L7z, HEEM
DIABDRICE dpoder 1 4096, ~v FEn1x 32, ~v K
DRTTE d 13128, LA Y—EI N2 THS. ¥HL KRy
ZEIZ, Ny FHART16THS. ¥EEHHEX0.0003 &
L 7=, SE351213 huggingface 23423 2 2 — N1V &2 Fw
7z, ¥z, FERORRANEIR Lya, =409 & L7z,

C 9x—=7Lv I
K3icvz—7Ly bOflZRT. Rr—ne&>7 b
BETRILTHS. 2hodyz—TLy FEfio7
EORBTEOMRERFME L /2. FER2 S, KKK EH
BIAATE T 2 —T Ly FTH S ENLL—LIATHEEE
BhHY, o7V v h—hRkbIAFEEELIEV
EBbhoTlz.

8) https://github.com/ofirpress/attentionwith_linear_
biases

9) https://huggingface.co/meta-1lama/Meta-Llama-3-8B

10) https://huggingface.co/datasets/togethercomputer/
RedPajama-Data-1T-Sample

11) https://github.com/huggingface/transformers
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—— Ricker

—— Haar

— Morlet
Gaussian

M3 vz—7Ly bOfl. FDY v h—, k2 n—
W, BRBENL—, KBTS T THD.

7 3: Hi5.1 1281 2 EERER

RINR
256 512 2512
Wavelet(Ricker) | 20.82 19.19 17.99
Haar 20.89 19.27 18.17
Morlet 21.28 19.65 26.56
Gaussian 2090 1930 17.88

D Ablation Study

XFEXERTTINRTXER, AT =L RTRXAREHA
EbLbETERETo/. BRIS, AT =7 XXD
B, ERETTEIRIXRDAEMESIHE LD HAE
bLELADPREVWEREEHET A2 e bh o7z Tz,
a=1{202..2" ¥ b={0,1,2,..,15} DIHAEDLEIE
HEE L THREN R V.

R 4 ERMR. FEROBRKRINEIR L ain = 512.

RINE

scale a shift b 256 512 2512
Ricker | {29,2T,...,27}y  {0,1,2,...,15} | 2082 19.19 17.99
Ricker | {2!,2%...,28} {0,1,2,...,15} | 20.89 19.25 18.02
Ricker | {22,23...,2%} {0,1,2,...,15} | 21.03 1940 18.07
Ricker | {2°,2',22,23}y  {0,1,2,...,31} | 21.13 1955 21.73
Ricker {20,213} {0,1,2,...,63} | 21.60 19.95 70.80
Ricker | {20,2'...,215} {0,1,2,...,7} 20.88 1924 17.84
Ricker | {20,2!...,231} {0,1,2,3} 20.86 1926 17.84
Ricker | {20,2'...,203} {0,1} 20.88 19.30  18.02
Ricker | {2°,2!...,2127} {0 21.10 1946 1829
Ricker {27} {0,1,2,...,127} | 2145 19.80 21.31

E LongBench TO&E(f

LongBench TIXIE% ¥ £ ROUGE R 2 7 Tkl 217 5 .
ROPE Y ERFED R a7 DEFK 41137, HEIIER
FIEDM ROPE # LRI 722 a7 %, 4L I3 RoPE A3
BEFER EAo=2a7 2R L TW35.
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