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Tk 932KE St (Industry classification systems, ICSs) BT NER AR ERE
FAXHREITAR, ESMIBTHEEEER G, WEICSs TEINMK: £
ZIRITRY ICSs TRE T H IR ICSs, 2R, FHKIZITHY ICSs Hilm4E A= m
IRFINEIT AR AN ENRE, FHEBEXREZHNHAANRTFHERRETEE
MK, iﬁﬁﬂ{, Transformer BMEIRIGE K B AR FTHIETEIER ICS FA
TN,

FEAXH, AMHEH T —MFHETEER ICS: Financial-ICS, XR ST
AAFRN 10K REEAXKRER, RERARNEFRIE, FESHERITEZ
R RIZAE PR G R ATNEFHEXYE, NMRBIETAR. BIXAZ2H
WENARRINFTUAILRFEPORMEEE, EERAEEIESEE (Masked
LM) E55#TRIZR, DUERSREBIESM, RSIERAXEE S RIGHTHA,
BRER TIESBARMESTFENSARERE, BT 10K REFRIRACE
K EIAF] 100K tokens BA_E, T Transformer B IR IVFIRHEMAGFES 4 EHE
FHIKERNEMNE o(?) i, EIRIIZH T LongBERT #EY, REMHIEE
REFHEEA 10K R E Y, TRBN CALEIT R, LongBERT @I & &AL
REZNN2BERS, REEEATHINHENNEERERE 0(n), RNR
B TEEILRMREBRANGE S, BANGEBERAGERTTNH 5 ER SV
HITERELM, HHEESLGE THIEEEERFAN On) E#E M Longformer
) 1.87 5, S, BAMRHTEFTEE (prototype) HIXTELZESJIAKREEL,
XNENTFHEFEHRIT T, MR T LongBERT & KX HEHIAT FE H Fks
AR REMRNBRREEZNWEEMEM, ASCEFIAT =1 BE FEhrxs
Financial-ICS RUMEREITIRM, BE, BAMRH T —MFTHIEH TRIEKREK
SHAP @R 7715, Xf LongBERT WIS AERET T AT B 04, FEBHA R FA
X Financial-ICS FI{SE,

SCIEER R, Financial-ICS 7E_FIAATAER LSRN T IR —RIE TR
HEER ICSs, R LRI ZERNERZITRIICS, SIC, AWHRINERM
TR EMMLZFREE T ELEHRTE2EXTE, ANARXEREHESR
fES S F AR AL T FT I BRTT 5o

KB TU9ERSE S Transformer RAEFES  XEHFES



Abstract

ABSTRACT

Industry classification systems (ICSs) play an important role in the financial field by
identifying economically related peer firms for focal firms. Existing ICSs can be divided
into two categories: expert-designed ICSs and algorithm-based ICSs. However, expert-
designed ICSs encounter challenges such as high maintenance costs and coarse-grained
identification of peer firms, leading to an increasing number of researchers exploring
algorithm-based solutions. In recent years, the rapid development of Transformer has
injected new energy into the development of algorithm-based ICSs.

In this dissertation, we propose a novel algorithm-based ICS called Financial-ICS.
The system utilizes companies’ 10K reports as text corpora to generate economic rep-
resentations of companies and measures their economic relevance by computing cosine
similarity between the representations, thus identifying peer firms. We employ a fully
self-supervised approach to train the representation model in the industry classifica-
tion system. Initially, we pretrain using the masked language model task to adapt to
the distributions of financial data, and then employ a contrastive learning strategy for
fine-tuning. This effectively alleviates the anisotropy issues in the language model rep-
resentations. As the longest text length in 10K reports exceeds 100K tokens, the com-
putational and memory complexity of Transformer’s self-attention mechanism grows
quadratically with the increase in sequence length. To tackle this issue, we design the
LongBERT model to efficiently process the entire 10K report document directly with-
out the need for segmenting the document. LongBERT reduces the computational and
memory complexity of the self-attention mechanism to O(n) through the combination
of shifted block attention and global attention, while preserving its capability to learn
global dependencies. We are able to efficiently implement its self-attention mechanism
using batching techniques, resulting in a real-world inference speed that is 1.87 times
faster than Longformer, which also has a complexity of O(n). Furthermore, we intro-
duce a prototype-based contrastive learning loss function and optimize its memory con-
sumption to overcome the challenge of insufficient negative samples, which can result in
suboptimal performance or even training failures during the fine-tuning of LongBERT
for processing long documents. Additionally, this dissertation introduces three custom
metrics to evaluate the performance of Financial-ICS. Finally, we propose a new SHAP
explanation method applicable to representation models to provide interpretability anal-

ysis of LongBERT’s prediction process, helping users enhance trust in Financial-ICS.
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Abstract

The experimental results indicate that Financial-ICS outperforms a series of state-
of-the-art algorithm-based ICSs across all the metrics mentioned above, and surpasses
the widely used expert-designed ICS, SIC. This study provides a more advanced industry
classification tool for researchers and practitioners in the financial field, while offering

new solutions to the challenges in long-text processing and representation learning.

Key Words: Industry Classification System, Efficient Transformer, Representation

Learning, Contrastive Learning
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SHTBEMHAEA RN EBEFBEIREFHEXNET AT, U7
BMRM O, EXTH, {TWHrERGES TXENER, BdeE—FR
~HE] (focal firm), 17572884t (Industry classification systems, ICSs) B PA9E
BERATFHEANEITAE (peer firms), HTFIRFNBINFEITAF, AFNEE
A AP IR E S B RIET ), O ARIEIRH TR ER ) fle = A
SR ERER & B, BEE B DI I AR T E, THRARTLNARRE
RBL, M EREE TR RER, IR A RAT DMERAT LR T ERAHARE
TAARE, TR RBESEE, ST VSR RFERRNELERPIEEN,
AEME T REZ R R SHREITIL D ERA,

WAR ICSs TEA U AP, EIEEFRIRITH ICSs FE T HILH] ICSs,
SEMERRTZRAAZHITUERERITE2EL IHENEFEE, TR
HHY ICSs Bt HA KRBT ERHEFIGIH— N BT LEN, EEHEL
A LTSI FEE s, RT3 (SIC) RAPIREEEHWS
EERANERIZI ICS, HMEER ICSs BEFEAETU2EERS (NAICS)
R 2IRITA 7326451 (GICS) %, E 1.1 RT NAICS M Manufacturing £
Semiconductor and Related Device Manufacturing 1T \LHI 53 BE51E, 374 Intel, AMD
1 Microchip Technology /& 2 HECE) EH A,

33 Manufacturing
334 Computer and Electronic Product Manufacturing
3344 Semiconductor and Other Electronic Component Manufacturing
33441 Semiconductor and Other Electronic Component Manufacturing
334413 Semiconductor and Related Device Manufacturing

[ Intel Corp.; Advanced Micro Devices Inc.; Microchip Technology Inc.; ... J

E 1.1 NAICS BI7 BT EW

BRERIRIAY ICSs RZXUW, BEMNFE=MUE, B, RRGEEH
SIERFBERAREBNN AFIEEEWATRNER, XHRT ERWITEMNLE
PEA, HIEREEFREENZE, fIal, SIC RETH 1987 & KN EEHT,
NAICS B HFEBIT—IR, HR, TFREITH ICSs MR AT Z FHELIZRIE
B, B ETETLNEARSNAS B ARREEMN. XSEHIRFIRY
FTARSHEAER, BOATZ RMECIEHES, Xt FTATTHFE
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Item 1. Business

Company Background

The Company designs, manufactures and markets mobile communication and media devices and personal computers, and sells a
variety of related software, services, accessories and third-party digital content and applications. The Company’s products and services
include iPhone®, iPad®, Mac®, Apple Watch®, AirPods®, Apple TV®, HomePod™, a portfolio of consumer and professional software
applications, iOS, macOS®, watchOS® and tvOS™ operating systems, iCloud®, Apple Pay® and a variety of other accessory, service
and support offerings. The Company sells and delivers digital content and applications through the iTunes Store®, App Store®, Mac App
Store, TV App Store, Book Store and Apple Music® (collectively “Digital Content and Services”). The Company sells its products
worldwide through its retail stores, online stores and direct sales force, as well as through third-party cellular network carriers,
wholesalers, retailers and resellers. In addition, the Company sells a variety of third-party Apple-compatible products, including
application software and various accessories, through its retail and online stores. The Company sells to consumers, small and mid-sized
businesses and education, enterprise and government customers. The Company’s fiscal year is the 52- or 53-week period that ends on
the last Saturday of September. The Company is a California corporation established in 1977.

Business Strategy

The Company is committed to bringing the best user experience to its customers through its innovative hardware, software and services.
The Company’s business strategy leverages its unique ability to design and develop its own operating systems, hardware, application
software and services to provide its customers products and solutions with innovative design, superior ease-of-use and seamless
integration. As part of its strategy, the Company continues to expand its platform for the discovery and delivery of digital content and
applications through its Digital Content and Services, which allows customers to discover and download or stream digital content, iOS,
Mac, Apple Watch and Apple TV applications, and books through either a Mac or Windows personal computer or through iPhone, iPad
and iPod touch® devices (“iOS devices”), Apple TV, Apple Watch and HomePod. The Company also supports a community for the
development of third-party software and hardware products and digital content that complement the Company’s offerings. The Company
believes a high-quality buying experience with knowledgeable salespersons who can convey the value of the Company’s products and
services greatly enhances its ability to attract and retain customers. Therefore, the Company’s strategy also includes building and
expanding its own retail and online stores and its third-party distribution network to effectively reach more customers and provide them
with a high-quality sales and post-sales support experience. The Company believes ongoing investment in research and development
(“R&D"), marketing and advertising is critical to the development and sale of innovative products, services and technologies.
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SEHRIET LW 1CS 2R T XAMENT L2 (TNIOW, X2 5K
BRI LIIE, TNIC A~ REXRMERIHRETFHEXNREIT AR SR, BfE
A ETARIEERER FERIEEIESFRFE RS (SEC) Y 10K & FANLSS
fEIRER 5T, Item 1 Business 1 Item 1A Risk Factors {fE A XA A, XFE 2T
BB ICSs FUEERA, RAEFEETFENRARFAHEXNER. Bl1.2R
T ERNAFE] 2018 ££ 10K & Item 1 Business FYES AR, A AE Rk & 14
R THERATFREN SRS EFE S, TNIC KAH1EL (bag-of-words) AU
RIKIFA A ARINATRIE, RAEEARZKEMUEIHLEEI AR SHMRIE AN
AIRMELCREE, AUESBESRRE AT ANEFEXEES, &5, R\
FE S EHITHEF S 2IEIT A E],

RE TNIC BB TIRGRIMER, AR IRSEANE T AR S RIE
FER R, THREAN 10K IREGHITRIEFEN TNRRYE: BTREEAE
MERTRZEAIN ST T 08, BB T XARRANRFEEN ETXER, X
SFETUARIE N EENELMRIEMERIKENHRE, FRigH—MEFE
SR AYFRAERE ST HUREEY, TR H— R E e E T2/ 10K i & ATk 32
REMNAARHEZEEIR, Transformer B 1EAIE HAAESEFRBINEH
SR ARRE ST AEIIX — B AR R T Al 8E 1.

Transformer®! f Google F 2017 {2, HELEZNIEEIE TE AW
BINFBRTEZMA, fln: BRIESAE . HEA U AR & &
#5161 BERT R4 17-BIpy i aiE 5 ahEid R AREIES #E (Masked
LM) IR TEARBSCARIBRIFE TR, CEEWS NFLS T RIS T RITFHIZX
B, FIn AR5y 25, BRI E R (NLD 6 & L RIR B T GPT R511H024251 1
HEIE S EENEE 8 BEI0Y 77 S0 T RMETIER, HAEIRTR (prompt) EA
A, LI THRARDEARMRE, Transformer FYSR A FFIERE I FE TR T
HMR B EEAVG], FEMHREKRHEERTERY 0() FEFRRERKE,
T HEERMLE (RNN)ZO-Z AR ST AR R R K EE O(n) BY. X
{15 Transformer 7EANEK F7IE0E K BE S RFUE S I LB A S M4 BB E iR
KHIEEST,

SR, {#/H Transformer X 2F] 10K R SHE S HERIEE IGE MM,
B, X 10K i & HE RIRR G RIEE — MR ZE S R, FATIER) 10K IR
EHIEES, T TAKERIT 20K tokens, AN A KEEZE 1T 100K tokens,
B IR Transformer FH B F B AAGITEAAIEK SR FIIRHEN TR ML M 452
BERWME, ATETES Transformer £+ BER OGN HTENANGTE
ZEREEFYIKENEMEN 0n?) #K1?, IX{#5 Transformer Tk H G
KFPIXA, REEBETZRBRGEIAFCRM A, XRH] T EEKFIIG = TN
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FIE & B
Fo HATEER — LR 2 4R R IR Transformer 7EALEE K751 N AU AR
Fa) B, IX RS R AT DARE 53 S - B3R Transformers (Efficient Transformers)
A01# YT Transformers (Recurrent Transformers),

=3 Transformers P 4OL@E S BORIFE AMA], BEIK T Transformer 458171+
BMANEELE, BINEK SR Transformers TTiEmEFMTHER, BHE, X
SEABAURE DIALFE 100K tokens PA_EBIEKSZA, 40 Longformer®' HEEANE 4096
tokens FISCA KB, Reformer!?3 R EEANE 64K tokens HI KB, HIX, Reformer!®3!,
Linformer B S SRS HF| A B ARIE S H 5 BRI MERRME, BIE—BCR
W, FIACEE BN S B B A RIANCHRN BT ERMRE, —1 token
BHEEREEXFHARED tokens, —E2 2K Transformers 2B T IXFEFE, M

sIMEEE, 556, HAPm—EER Longformerm]%:’%?%%gg%%ﬁg CUDA N
MARBARELEMANERAITE, SNERAHE ZAER S SLINT A
TR0,

133 Transformers 4 -4V @SB IR AL H B S Transformer HHE S
ANER SUA , IS B FedG K SCARYI AL Transformer A] DAE AN EERYSCRER, 1
I AIRIZHHIF ERTHE AR B AIRREIRAS (hidden states), MTISSIRAT ESCAY
KARME S, XFHRO AR, ZISEEEE A A =% Transformers Tk
REEERHEB RSO, PRI, HERBUIASRY B [mZ 1B H] G BUX AR g R RYAL
BHRESG WM LTz B 7B SOBEBIRIEFE SIES

FMHERE, BITNESRAZE2BRENTIFTIIZG, BMXUERR
Al 10K IREEREIBE, mANH#HTEMERNMRE. BERT RYIAEILA
K Masked LM % 2 3EE BRSBTS &, s EdE R
B R B SRS PR EEARHERIE L4, FEhTHRSEMUE SR
BRSNS, BRBNTEEREMER XIS M B A A RE,
WFEREE, KT GPT 1 BERT WIZRIE S B~ A NRIEA R FEESAS
£ (anisotropy) [FI&E!47-501 | BIIXLERAF (] 38 H BB AE (A B 25 (8 — MR A Y HE
A SEULARIAEZ BB LUE SRR &, X F XA = 4 AR LA
BFRIXGEN TR, F T #REE BERT RIIBRI A RURIE & RS EERE, T
RIEIBEIE RAMER ST sk 2 7 RIE, HPE TR E-575
FERUS TR, HBE AT RIEZESIRRETERZ — XEEESIH
R B2 EEAERE IR, RS AR ERIT, SN hES
Wk, AIDARBBEAIE RIEN& RS EAE, GRS REREZRFE
i, 1E1E AT AFRIEAEE S,

DA T FEEFEXNAFRIEEITRIA, M 2@ EFER SR
257114, INHEIMAEARSE BB TRARMEIEDY, XA b=
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KRBT —ERIZER, SR, 10K REFIEENTFIIXAKEBT 20K tokenso
NEMAEHITRIEZIFRBENFRANEE, XEBERMNLEEAH ML
RN, TR S REMEARNRIEREEE SBUINERK,

BR T {£ ] Transformer X 10K #z &5 # B AT = R ERIEBE IRk
%, EREHONETEER) ICSs HATHREIR(L iR, ETRER ICSs IR
BT AFINMRER FEREFETEE A NFEFRIENAE, Hik, RIMNTBE
TR H AT R RFAFTRFINEIT AT RIERFTAE M DU R4 R SCRY
FRIERBE» TR, ARZEINAZFFHEXER U BT EE I HE
TREAIIB ) WX SRR R E NPT LS Yaix a7 RIERE T
TR, EIEE CSCARMLUE (semantic text similarity, STS) £455P*O0If1iFRE%E
SJ{Eg o6,

1.2 FEMRRE

TNICHM 25 AR TAERAEXMMSR, EHFRMER 10K REFH Item 1 1 Item
1A BRMENASERIR M ARIRE AT E ARINETRIE, HERRZKMELCIEE
HNERATISEMATNELEEEER. &EF, BENHEOESSHFFERSS
BERENETARMEARITAR, BATBERES TNIC HFER 10K REFPEN
BRI, BRERRZAACUEENECUERR. A TN R ORI
F) A Transformer 3137 KRB S HBREN A BHREBNATIRFRIE, F LW
B ETE AN ICS,

BAINHARP S HIWNBEETELS, B, BRiRZ —MESNRAAT
10K R EHITRIEZE S H B E T Transformer BT 2R ARGH B IS EIZAE
B, HIR, ERITEERN 10K REFIEES, BAXARKE#TL 100K tokens, T
Transformer B T H HIFBRAVIFINNEE 2E 0 MRS, RN
XA, B=, NHEIBEFEMAEARE DIEARIERER, R
XA TRIEESIEBEERENNTE, XSBRNEEGAHEEANAZIA
BEAREAR, FN, HiiBONETERERN ICSs BT EER. &T L
BB, BANRH TATENEERFTAR

B, WHEBNIGRREREEE, DME— I EREFEINTILIHER
i, BATRATYISRIAT L2 SIHIAENETER >, B Masked LM iR
KNS EEGHITINNEGR, DUE ISR SRSUSCUARRIZAEES . RfE, BIEX
FSMEEEHATHOE, DNEBRRTEFENRMFERE, MmEEAETER] A
ERERENNERE AR, tHh, BOTEIEIS NMEFRA H#TIRE, R
IEBRMTR T DR RENERE, HE5ERILIA ICSs MHMET R
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BIEH ICSs BEATX L,

#H = RHHAR—NEEEEAYT Transformer, 2471 275 AR Trans-
formers ZE|NE IR E (7 B4R WBRHIFTT R KIX 100K tokens RIKIIA,
3817 Transformers TIEESNAN LT XEER, X5AXHFEERIT—MER
WA A B REE I RIFER AR, FRRMNEEEFNRIT— MR
Transformer, ZEEIBEAL U THR: B EE SV 100K tokens PA L
KA, ARNEREERHIMSRERABIMGEESE—H, N, RREFE
BEEENEN LT ORERES .

B=, WH—MAERA KA LES 7%, ATFRIARIMZITRER
Transformer, PARERIBFFTARFIX Eb2 SIXS2848LF BERT MIFUIRIB = BT
EUBCHHAFRIE, B TRENSERPY, A, BRI 10K RELIEEN
K- EELE 20K tokens PA L, BARBRNIEH T IERE 1R Transformer KT
{£4% Transformer, {2 BN EN LSRRI ANEEEERN
TR, XEEREMNCEFRNARSBET D EZSBONGRRM, MEXELF
S, EANBENEARTEREZXEEPY, EFIIGNER, BRIITLUE
88 B R R A AN E AN, DREIIGNREE BREX S
AN B, BATRGEBES AR ERE, RIS NIFERE R FAER
TLRIRT B2 S975 85 DA R S AR B B

BiE, BMNEEE LRNMATAREE—E, FR—1NEAHNETE
Transformer BIFTAV KRG, FHXAEBITA RN D, BT Transformer fEN
REZIBERGANR— MNEERE, BTEREREIBAAHHTIEER, M
XA EREN T SMIBN AR REXEE, B DREAPEINR
GIEE, MR IRLRHRE 364,

1.3 ACEIFHE

XE, BAINASZHEENAFTEETNE.

B—, ASCBH T — MR T E % ICS, Financial ICS, FEATRATIIIE
DXt b2 SIHIBR B BB ISGEZE RS H P RHRIEER, FRTT=1EEX
HIFEHRE X Financial-ICS R BN ESTATINATTHER S, H5ERIZHAIT L
ZEMIH0— Bt DAR RAFEEIAE R SCRS R AE R B T IR, BRATHR ML 752 BAIM
YISRBIEIEREERS, BRI Transformer ZEARMIIEAIS | \ IR T EIEN ICS H9K9
Brh, X %HESRYIIZR M Transformer &8, £03E RoBERTa!!”), Longformer!*!#]
LongBERT, FIMEEMITILDRARS, E=MERPSEE T HRTRICHNET
HERYICS, TNIC,
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BT, AEH T — ISR Transformer #2224, LongBERT, 10K R&HY
BRANAKERIX 100K tokens A b, XFEEEIHE RSN Transformers TTIEE#
Mo, TEEX AT R, LongBERT EEEABMIERIM2EER
71, BEBEEAVKINHENANES ZERKE Omn), "TRAEINKIS 131K
tokens FISCASHITALE, REE T = Transformers FTRELER R A A K ERIR
fil, BT HAERTS, |OTEEWEMEIN LongBERT R BFEHVIE], #5
HAEARTGE TREERE L E 2R O(n) BY Longformer 31 R 1.87 f&, &
F LongBERT HJ Financial-ICS £ [R{T/ARIZFHEXEREREFEE TERIE
HRYICS, SIC, HRMMESHEUEREZRSN AT FEIFER 20 MRITATEN,
H 8] DA YT SR eE i ERIGIHY ICS, NAICS,

=, ASERH T — R XA A FRILIXS LLE S 5k, TEFEAKX
REXT AT L2 SIOER, BT ZBINENRS, BESECT 2 SIHARE N
ARERIER/D, WX 2SI N MEREE B RESBUNGR I, N T RINX
— R, BATEIT T ETFIRER (prototype) BIRT ELZE IR, FHX HNTFIEFERTT
YAk, FEAERRNHAEER/NT, AR AR EE2E S IO BRI 7™ 4 B i
TR, [BRIF] AR ZERRXAFEFE, NMAEHSEE AR 10K iR & X LongBERT
AT 2 IR,

BV, ASCRH T RN RIREMAT SHAP BRERTE, CUEBRAFXS
Financial-ICS FJ{5{E, SHAP!SS B I Kernel SHAP HE—MERIEMERR 53
KBRH, XERESRIEENAER, ARUGXNEEE, FA1EE X H AR
173030, HMERZFEERERNRIEME 2 BNRZEMUERD, kEEH
AFE token MRTUTMRITTEARE ., BATEIDREAEDIE 2 BRLEE] 0-1 Z [
PU&ERE SHAP,

1.4 AL

81 BER, BABINEAXHARNE ]RE RN, BTk 7E RS (ICSs)
EEMIHFRIE SR, X ICSs 2RNER, BBEAMERRETEE
B ICSs, HNFLURRAEHNETEEN ICSs LERBBE. BiE, WHET
Transformer Z241% 1 ICS A EMFEIRRIPEE, HEIHAXHARNEEAE
ORI,

%2 TR, HRNMETUSRRS, SETRRINICSs METH
IR ICSs, BE/G/48 Transformers, tE3EfE4E Transformer 2844, FEEAMAHE
24 Transformers F13#Y3 Transformers, |5, WITENARMTEFES), BIEEHRR
B ET Transformer BIFRAESE S 7515 AR RIS STRTEAE 75 1%,
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BIE & ©®

F 3 BEHRTFEINTUWIRRAMR, EEERIRHELHAY Financial-ICS
HRKFFERT 10K REBIEE, BHENEET RoBERTa 1Y Financial-ICS i H 15
BIISHMESR, FHigit T =8 & XOHhfElR. |REETERE 2, HRRTH
IR IGSR Ty A% X b2 SRR BT

5 4 EE T S Transformer BT 732K RS, BENER] UEZEGE
B 10K &5 LongBERT 58U DI K & F LongBERT Y Financial-ICS i B &
VISIER, 88, NMEAFERANEESI AT, FRRHEE, FERE
SPNEMHTER S 2. &G, EHELHR TX LongBERT MITIEEIEE
FINFHFERINR, 7R Financial-ICS BIER,

5 BT LR RFNTEREEST. BENE T HUMELNABESE,
RENEBER TR SHAP R /715, BEMNYIZR/ER LongBERT 4!
AT AT R AT,

F e ERGEEHRYE, BXMRBEBTRSE, BHAHRNRERYE, HEE
RRHAIFF T Ml




$28 M XTI

28 Mx T 1E

2.1 Tl RERSE

TR E S (Industry classification systems, ICSs) TEZFTHE. MM
G RESRFHEEEEMA G, CITVTRNARRE T 2R, FHARE
BREITARHRE T2, BB FHEITTGON. EH5XREAEFIE RIIT
HEIEE, T RRGT URELRENERAT (focal firm) RS2 L5
RMEIFTATE (peer firms), HATHI ICSs FEA] A AW FHRIRIHI ICSs
METHIER ICSs,

211 ERIGHTILDERS

FEHBEERIZII ICSs B, MHMERIZIT T — N0 BRNITILES, FHEL
il EIPS IVA DR AT

FRAEITIVS2E (Standard Industrial Classification, SIC) R# P 2B HENIT
W ERS, F 1937 EEERER, HEAILOR, SIC RERBUNTIAG. FEAF
EL IS 2R, SIC RAFERAUMRFERISKREX 2 ARNTL, LMAESIT
AR PRI TIARE, SIC RS (SIC code) HIBTRAEFRREVATBRE
BETAERT, mEMANZREX BT ILHTHt,. BEMENRNTH, SIC
RIDZEIH NAICS 4785 (NAICS code) FREUAR, BANFE—EEEBURRIAAE
{58 SIC 4RH3.

JETIH7T2KESG (North American Industry Classification System,
NAICS)PIRATENEZEMLSREFHNHREEN, HEE, MERKMEBA
BB EEHREIRE, BT 1997 £, NAICS B—FMgMREFTiEzIRAXS
HITHRNRG, HEMT —MESZ—NAFRANT#HTIE, ERAEEEL
AR THRIHE SIC R&4t, NAICS RS FEHITREG, BIMALHRFRESRK
RNESSERIT, ST AN B T4,

2BRITI 52474 (Global Industry Classification Standard, GICS)P! Fy MSCI
FOFRMEE/R (Standard & Poor’ s) T 1999 A LIRERMIURIZITHRIIT L 73K E
&, EEFBIREENMRAREGTH TRESREATNFENSES), GICS
BEEAN2REFMARNTIVER ZEZNTILS R,

2.1.2 BFEZENTIRERS

HTERRWH ICSs FEFRMEFHAT R, RAFTHERE, CIRIRR
AT ARBRDEFHEXEEFFERE, RENHRANRTET SFEE

9



F2E HXIT
BT EEM ICSs, ETEEMN ICSs B4 AR Z AIRHEESE, FHitT
HFERERATAR. BIEFEHLEFBERNART D AR,

FE—REFBHATZBNEIFARREGER EMZ BMELE, Sprenger Al
Welpe 13830 Fil F $E 4 _E O3 SCBUE, D TREEEH PR ATRIRENITE
MBRARK T E AT Z RWAELE, BEFNICRERN, NHARHEER
KRS, WA eIz BNAEFEX RS, BETEERNEITAT (Search-
based Peer Firms)P! SZZ[EHRBAN FRITATEEMHNER, XA “hFRE
& (co-search)” BEERAMEEHIEHRBERSL EDGAR Wi HAYE B R E
SR EEERE, BER—NAEZMSR EEFERNATRRREEMNA
HlZ BRELEEE, PARSIZEFTEXNEIT AT,

B REANGNAFIRBHETRIE, HAASENHEUERZHREEN
[EFRAR L E 38K, Jaffe MR ARINEFRRER ARIR TR — N AE, REET
XX A B I B RTAAR U R E T AT BT XAMERIITILE (Texted-
based Network Industry Classifications, TNIC)* A\ JN7= SAEUE RT3 KR E
B, BIWRBFARXATNRE, TNIC #H 10K &P AT =Rk EHER
HIER4> (tem 1 F1 Item 1A) fERE MBI, HHASE (bag-of-words) HI77Hk
IR & AR MIHER SRR, A TFEANH, BRFERT4E 151
REESKNTEGIME, BSRAHIMEAEFNER 1, HREHIAWER 0,
& AR EXREFRNZAMEERERARAR, HBEERT SO P HIARE
F 25% BOE EATE, WNAFRF SAEEUE H M SUSRIEZ AR RZECUE
FRE N, HERMAELIERS, KRFAFNAFHEXERS, BIFIA 10K
RPN ATFERHIR, TNIC A DERBUEEM AT Z B~ A 0E, g
NMABBERHMENESNF, ASENEEFEERANEA, BERAREN
A REE L HEERNRIE, BT SO/ BITER A SOER BT UEX
B R

2.2 Transformers

Transformer 8% i FH I B AV FIEAEFF @I HERES, FEEBER
EEAESURPT ISR, SEERRIS | EEER M-S e RiEE
W70 % RTESE Transformer BRITEAAE K FHIN FEN AMANEE X E
ETREKNAEM, RETEERFIGR THNH, ATHRX—FA>, B
BEEREHTRE %, XERMFENGME T —LEEIEaEEN
il SR B B 2% B9S2 Transformers 30401 5 —R BB HEMER ERS

Transformer H45 & #9383 Transformers41441

10



F2E MHXIME

Output Probabilities

Linear & Softmax

[ Dmms )

Position-wise
FFN

4 ™
Add & Nom

Multi-Head
Attention XN

Position-wise
FFN

NX

KTWﬁ

Add & Norm

Add & Norm

Multi-Head Masked

Attention Multi-Head

K V] Q Attention

& / \ Kt vt Qf
Positional ) Positional
Embedding Embedding

Token Tokeq

Embedding Embedding

Inputs :
(Shifted) Outputs

B 21 &% Transformer 22K%EH

221 {E4 Transformer

BRAH Transformer® /] Google $2H, B —NFHIRIFFIMEEY, 8 T
BRI, B4 Transformer FUEAZEMIUNE2.1AT7R, H— 1 4mkE25 (encoder)
N —MERLSES (decoder) 4H A%,

Hep, wiEsEH N MEANEHESBTR, BT RESEE—TE2LEEE
77 (multi-head self-attention) I —NRN B SIEFERIHRINES (FNN) Ak
MESEE A% E %R, RAREBA—K (ayer norm)!®), HEARIIT:

H = LayerNorm(X + SelfAttention(X))) @.1)

Z = LayerNorm(H + FFN(H)))
ERBLER N MERNBEEETR, TESRESRETRANE, BESERE
£ 3L B IR IEAURAE FAN Z [AFMEA TR XIERES (cross attention) &
B, SRGEEEL, SMERABRERZRESEE, REHTEA— . I,
ST EEENERTHREEERES, RETEMENER (query) R
REXTEURTVEREAMEMENAER (key) E (value) Xf, TELIH, FEH
11



F2E MEXITIE
FERG R B softmax JI—ETRIER A EEFIEEMERTREZ (BN —w),
PARARALE i TN R BEA T B/ T i RYEREH,
S4B 5€ Transformer FYBARZEM G, FAPIEXHESE Transformer FYSCERA M,
EEIBSGHTHEMAN S, EEENAROT:

Attention(Q, K, V') = softmax (QKT> V=WV 2.2)
Vi
H Qe R™%, KeR™% Vv eR™ Hin mBREIINKE, MRE
BEBIBRS, Wn=m, 4,5 4, 2HIF"RE (&) NENEE, wih
ERSIFERE, IXE, XMNEEFRI SRR /4, OB ZEW K, ¥ softmax K
HHEASERDIXR, SEEREHKAR-,

T EAFRERE B RIS, RO DNERMZERAY (MLP) K
FRERE. NERNAEXRE, BIAFTUSEREFEREAEN E—BANTEY
BEfgsoam N —EROANgE, mefEn] AEER T —BREENEER, Hf
BABERXRENRS IMERREEAS, MREF g MEERS| k; ZRIKIKER
P, BLEMNZENATHECERSER, NIEEANERER o; M
B, KETAEE TR, AMLPAERE, BRITATLSEER
NS MLP, AR EANE w FERAIZEINSE, MEEdEIH
BEISHERH, BEHE ¢ 7 L, NARBUEREINE v, FAKEEEN
PlHIF3hE MLP RIS EEZNARSURRT, 7 DI REXETRAY tokens FAEE K
HIINE, NETER. Mz, B MLP 2 NE SRR, HNER
ERFER,

Transformer NMYEHBNMERIEHK, MEFHSLEREN. BEIRK 4,
HRRBER, BNEET h rRNEERT, B#EE 4. 4,4, EE, R
EFHATHIN IXEREEENER, RAOEPTERNIER. e, ¥ELEEN
MR TPHE, FEREREE 4, &, SIRENE, 2LOBHESEERE
BRANKETFAMVE, FERTEFERTHNER. ZLERINARET:

MultiHeadAttn(Q, K, V) = Concat(head,, ..., head; )W ©

(2.3)
where head; = Attention(QI/ViQ, K I/V,.K s VPV,.V)

TEATRA, W;Q € Rind, WK e RInxd, WY & RIn<ds, WO € RMdn p K
EESIRNDY, d, RAERSERIMAFR L EE,

BRTER SNBSS, BAIE FRN BRISEERRLEEFRSESIIBE,
IXP WIS 2 R DR LT AT — 1 ReLU BIE RS K, EHELRWF:

FNN(H) = ReLU(HW, + b))W, + b, 2.4)
12



Fo2E MH X T 1F
H W, e R W, e RY>n b € RY, b, € R, JEEIEVLT FEN (A
YE d WREAKRT d,. BHTEAE FFN X MIBEHITEM B ERBLCHE,
FrAE S B ER IR — 2 AL B T 8UEH,

AL BYRISFEIFERZ Transformer BRIV E BRI 57, HT Transformer (%H
SIANTBMZM LS (RNN) SEERMZME (CNN), HBEERAIESRMZEA
B FFN 2N BE BT EURN, AMELEFFEMN, HrERREESE
FEZEAM, PINEEFCAEIEN, BiANRFEXEER, FAit, FESIAM
SRR AL B S B IEA Transformer o &SR Transformer {8 FESZHIZERT 7
BHBMARSIAMERGE, EARWT:

N pos
PE(pos,2i) = sin (——100002” dm>

) _ pos
PE(pos,2i + 1) = cos (W)

(2.5)

H pos BNV E, | 2HEE, EERN, 8 MNEEN N — My RKIEZK, 8
T RERAEE S B RAEMEEEEAMERFE, REHAZ| Transformer
M, fEEIEREME AR AN BRI AR 2SI BYRID, H XA
FRERA R, (ERIERRA A AR RN B IEHIBRIF A
EEKNE,

Transformer M\ BV BT DI 220 3 28, A2 NmME3E. [ELEE
MRS 2R-FRRSBR a5, NURFE8% (encoder-only) HY Transformer EL7G M A)HYEESZ
5, TEATEHAESER (NLU) BT, OaTaX. BRIESHEN, aik
RIRBIFID FRIFIRIE, {ARIZEIHE BERT®), RoBERTa/'"l. ALBERT!'*!f
ELECTRAPY %, (Uf#rS%S (decoder-only) M Transformer R{FF T ARFSES, F
ERTHPNRZXERAELR, B THEEEEANHIPREEF, SMMIERN
EHREERE 5 REEIN tokens, FILFELMEFFIEMRES, RE
B GPTUO2423 | Transformer-XLI* 4%, %iGEs-fES%8 (encoder-decoder) HYJ
Transformer, Bl Google &% F-18 tH#J Transformer 5544, B FFIIEIFFIESF
MR, FINENETS, AFREATE BARTM, T574E,

=g, BA1IX Transformer EMHATE R E . BEEIEEARALAE FFN
B Transformer TR MR OAL:, Hebp, HERABERIITEEREN 0(x2d,,),
Hrn RAFIIKE, d, RRERREBEE, XERFEEERNIERATE
RILRIEBR ST, BB FEN BB EREN O(nd2), H it Transformer HitHEE
TN O(nd, + nd2), MFFIKE n BKK, n2ES Transformer KIS 24K
HHERT, o, BERNNITETEERE - xn NEENERE w, XEE
Transformer FIATFEE Z5E R O(nz), SREELBRK AN BEARTTT,

13



FToE MHRXIME
2.2.2 B3 Transformers

EBENERIRT T Transformer SEEKFFIMGRKEES, HEH 0(?) WEZ
ERRE T HIERFS = TR A TEFRERT B IER LRI, 81 token HIFE
S5H AR tokens HHTRIE, BEWFARKH, L1378 Transformer
2 SRR AR E E B E A sE R P08 B2 Transformers 2661 3@
S BOHAE L Transformer Y BIFERE NIRRT ENAFE S R,

LA IR B IR VLHIR 0 00 =AUk A AT A M MERERE
Bh. ABEHRBRIER S, BT kernel B9ER . ERHERESE! (prototype) K
EESMEERENNEEN.

B 2.2 Longformer B 1 H1H)

M ERARNEENIELSIALGRERMRHEEAGHE - BRI
B, NTRESERE, EETAMENEFERAEESSE, ULHEREMNK
R FE SIRE 1T, LongformerBUAGFEBANIFILE S TEH OERES (window
attention) FIE£FEE S (global attention), WE2.2FR, He, FEIIRR
BOEES, BEHIRERLREEN. EOFENELRESNINEWHERE
HSGETR, ARFAIHT BRESHPEERTENSE, FEIT om NItE
MARERE., £RERBESHRMERE tokens fEAEEMENPEIT S, 27
tokens JRIFXT PR E B tokens A TIER, M, FTHEM tokens thA] PAXF 2 /7 tokens
HITEE. @REEAFUREERARBERNINERKEERBRRENN
iB{t, Longformer X125 tokens HYIEERIEH B 3K IEFHHI CLS token B A

14
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E AP HFE R ER tokens, HTEHOERAHAEZERREL torch #
fTEAISEI, Longformer JEid SLH B % X CUDA MR T REINEEE., Big
bird PR HERRNNAEFERERS, EE token BER —NIT 5L, THD
R FNERMSIEM AL, thin, ZLEES (full attention) BERBENTEL
B, WEERS (sparse attention) NI ARBEE, MEREET RZ ETE,
Big bird BIIRKE OERE A, 2REERANMFEVERS (random attention) 1HZE
EXRUT O(n) NERE, EFHETERI SN ERRETIREREN HITRE,
Sparse Transformer3® i 525 25 W 4hHY B B S M4 2 S EINE R BT
TR, RUAKZBESBRIMHBELIAER, HFk, Sparse Transformer X
TREGET T 288, TR RSB IRTT T A ENBER, X THLT
EGNE RELFARENEE, cEATOERNNEBESERNNEAS. H
F, BYERNRIEERNER—E S tokens BHATIER, TiX FARSCAIXHE
TRASEREEE, CERARBRERHII2RERINES,

AEBRENERNENEEBEEEEEEREMNE, MEETER
IREH KBRS /B EERSHECUERETRE, MARTEEAARE, M
MFERE 2B, Reformer® A RHHRBETE (LSH) MNENEHIRFRBER,
LSH FENMEENEBREXTR—MEHEHE tokens, T A LSH &K
BRERNREFIETED, HUNAESTEEMEBEAR—MIF, LSH
REHIHEAROT:

h(x) = argmax(xT [R; —R]) (2.6)

Het p BISFEE, R e RP? 2— M RaHlERE, EHEPHE—FIRER— R
MIREER, 4 NMARIMEE, b RN, [R:-R] FORBFEEZER EROPHE,
SEEIF—MERBRFE g, 7 &, BIANE BAMER LIV HINRUELIE,
DR R B B — AR A - B AR T, MBI EAEAL
BEEE-BNEEH, i ERFEENRRIINT:

P,={j: h(g;) = h(k))} @7
Heh P #RE | MIBNEWEEAENBOMLEREE, ATREITER
NEFEE ZEFEZ Omlogn),

BT kernel RIS R IET AR 1 B 7 B AP AR MEAR TR A e SRR (R 4 22,
Bi% 0,K,V e R™, FBLHE softmax(QKT)V HERERE 0(n?) M, INSRA] A
BT FAES NI softmax(QKT)V HIRY softmax IELMFSBIR, FRAEAHER
OKTV, HATEATE AR B ERENE SR, DAERIIFTE 0KTV), M
TG E FERRN O(n)o X B kernel BT, REBRIERJIHHY softmax IE
AR, SRR REK sim(g, k) = oxp (f/—di) HAE kernel, 4 sim(g, k) =

15



$28 HXTH
P  Ppk), MTERRIEL MRS

Attention(g;, K, V) = Z%l Sirf‘(qi’kj)vjr _ Z}Lnl b(g,)T ;v
Yiasim(g, k) Yo #a)Téky)
O A

T ()T X (k)

Linear Transformer37) Xt B 5} BRI 5% o HOIERE L5 _ERIEE, RARREN ¢(x) =
elu(x) + 1o X MFHEBLS FHRRHR TIELIFR I RL, MEMNERAERIEH
MEBE S ¥R#E Transformer A5,

FREAFRBENERENBESR O EINRERBRERANERE, In-
former 3 [ I B BE N E (query sparsity measurement) METHAHIHTIERE,
B HEEANER IS MSSsmZEN KL BERIELIEH, IREMNZ
FH KL BUEBK, MIAABEENERISM S99 5 MNERRE, BARZ
EHEFEREE, Informer AN BTG EMEHREERR k (k= 0(ogn))
DNEEHEER 46, MEMEINEEISMERERAYS2 M, NKE
Z<FEFE(RN O(nlog n)o

FEHERENNERETBOBENNEERBFERERINERE, BT
HEEEHZRIERRENEE:

(2.8)

Attention(@, K, V) = softmax (QF(;()T> FWV) 2.9
k

Hep F HFE4EF B, Memory compressed attention B FHHHIBNER F =
ConvlD RB/VRENKE, KARWEERTRBERINME, UKL
RIEN R, ZYHRRENNRERD TERPER, NmA UAERRTE
BIRZHTAEERKAFS, Linformer B 7cX Hiil[Zk Transformer 7 softmax 4
— W ENER S ERERIT TSN, ZUEFRESHENHENKERE, ¥
MEEICH A B UEBRTE B 7 46 R AT DAE FRARARAE R B3R R, W I (56 F St i
F = Linear, FRMEMNRBEEE » B NM/PME £ B, NmE
HE BRI O(m). EBERERXMARERBERENHSEE, BTSRER
SRR, EHREREEINMAFTIKEREEN,

2.2.3 &4 Transformers

187 Transformers 24t T f#¢R Transformer Foi:A ML E K XA [MFH 5H—
773, BT Transformers BT HZE ML ELES Transformer HHE K
MBRCA, WNE2.3f77R, 33 Transformers 3 XA YK, Transformer A] DLE
BB AR, HEF—RIIEBIRSHE R EICIZ (memory) RFEFMFH A

16



FoE M X T {E
IR ER. AECAREN, BRSNS REBFINEEMARRES25E
BEAONHE, S4B7ERE, BYIXABRNTRBERSHEEREFRMA
1I8fZ2H, 33813 Transformers B & ERICIZERE 7%, EET SEIIBRKSCAR
M, EENFIKERRZRN, E2EMAMNRBUIRSEKIZNG ST ®E)
Transformer 3 1& & X0FE (N 4RFS 2S2RAGHY Transformer A,

[ vemory | |

| } >

.

Transformer Transformer Transformer

/
t t f
©0000 ©0000 ©0000

B 2.3 387 Transformers -5 E

Transformer-XL 2“1 387 Transformer AU E Z /E, ZEREMERT— A&
BT —EBNEERSEINENBNESSEE S, UBRRESRELERKX
ANEFG—BIFANI LT e ra#E, HEERSRZBNERRMS, Fr+1
PARERRIE 1| RIREEURES B, | ATLUBEE DI AFEATE:

A7) = [SGH: HiZ

! l /
Qrs1- Koy1h Y,

_ gpl-lu,0 fmgl-1w K ml-lywV
r+1° " 4l _Hr-l-IW ’Hl-+1W 9H W (2.10)

r+1

I
Hz'+1

Hed SG RVEILBEREZE, (X, Y] RNEFIIKEG B THHE, B E
FIXNF7EE, Transformer-XL A] PASEER L X N,,,,, B AE EFXXKE, Hefp
L AERER, N, NEFIEICHKE, 5, Transformer-XL IS I1ETX
MX AL BIRAB AN L ERA, BRGNS CARBAERE RN R
(VA REISE-FN=IN

Compressive Transformer 1%+ 7 —RMICIZ A, EIEGHIGERN EICIZM
JEERI R B0 {2, 7 Transformer-XL A, ¥R B eI —ERAVBUEERF RIS
ATHEERGRAER, TR IBREIEEITER, T Compressive Transformer T3
|BREOE R R4, FlanEiR. Wb E, AR EFMEEEEICIZF, 1812
FELEICACEB R A e NSe Y SRES, @it 5 | AFEHEAIEIZFBAICIZ, Compressive

17
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FoE MHX I

Transformer 2 T Transformer-XL, #—238H T HEIR] DI FRINEARFHE L
TXKEZE LX (N, + Nper), HF ¢ HIEILEGER, N, AEFHLICHKE,
N o ARIETCIZHIKE,

ERNIE-DOCH3! 11 2% Transformer-XL B —, Transformer-XL (£ T
Hi—XAR T —EBRRBURSIENNENEE, XS THEBRZENTE. AT
fRUGX— (A, ERNIE-DOC BRI —E& T —BRIEEGT K T /i —BR[E—
BRI, MASEHL T TRRAYEREZE,

Memorizing Transformer!** #£ Transformer-XL AR LS| AN THMNEIEIZ, DA
R AR ECE K 52 BT fE B HIRE ST, Transformer-XL HYAERICAZALHIFRR
Memorizing Transformer HEI I token EE KT 512 tokens I L T XER
KE. ¥5I ARSNBIDIZERENRE—BRBMALIA, EREIMS BRI
Fto HMERIEIC S NERICIZ — A TR ERN TR, XEBIEE /] DIERHRIC
IZKEY BEIHEE KR tokens £, FI4T 262K tokens, HITHMERICIZAIRIBIR K,
A AVEE B e A0l KNN EE PR RN 5 SRiACEIHEMER RN n T
BEXN, REHTERIE, HERRESINIEVGNRE SR EARE,

2.3 RIEFS

AT RXXHERIEESINGFRIEZSINESRMEL, FEEEFHZHRE
BATHAFRIEES, FHEEARTHNESHFRIEFEIERNLIE,

AFRAEFIRBRESHEPR R AM, ERRERERENTFH
BN HITHIR, FRIEF I FE IS AR, —fE LN TR FRIE
¥, H—fE LT UERNEFRIEES, L TR FRIEED B
FRIAR AR &R A TRIE, Bla0, A A6+ IR SRR ABKCE
EHEEEIRCEIE, XM ENRREENARABITE S, AT EZNENE
RAITESINERARIEFES . LTI XHERMET Transformer FIREFES, B
R A1 FRIEE ST 75 5

2.3.1 EH@FRIEFES

EGRRMFE B ESTRA, HNTFHHORERENRAHETRS,
FRAERTRIE, AT, XM ENER SR, TTHEF A SENITFE RN LTSO8
XER, PlanaFHH L SOafisxR%,

4R (bag-of-words) HRUIE HAREFAE T RMAAMETZERANEE, H
TRXALRLRAESERR, AREREASHE M EAR, HTFESTHE
SRR HIIRIFTA SRIA, N T BB, ASEAITH RSN BIATE AR I

18
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R, HRHEFRE— PN KESARSKNFIERR, BR2RASEIERNRA
BREESRS.

AT FRHIXNAIRE, Word2Vec #32 H, Word2Vec 7071 2 —Fh B F 22 (4%
HER, AT 8ENRERERR, B4 CBOW (continuous bag-of-words)
1 Skip-Gram MifPIlIZR T, CBOW AT REHTSHNES, BEEE—T
B O LSRR A ORI EAR8AIR, Skip-Gram NIIESFHER, EITHE
ALY B FREBTAISR TN S 2 AESC B B TS EAAL,

GloVe (Global Vectors for Word Representation )2 3@ 2 B ESIAR
MR LT XABEERETARA. EFFAAMEXABERHRER LT XEO
PRRFEIEMG T EENELRIE-ARIER, KRR X HIRE R
ITHERESME, RERME N BANEERR, EXEMERRT, WDHIFEIERM
BARSBEENEBRETHIAR, W0RFA D HiEEN NI R,
AEATAMEZ BNATRELE ISR,

2.3.2 ETF Transformer IRIFFES

Transformer B HBIHES T HFRIEES PN LB, ET Transformer HI3R
BT E T EXRRIEFEST 5, HINFIEREA U ARIN R, 85k
{#H BERT RIIWTNG Ak, ERENEREFINFmBEEE (encoder-only) MY
Transformer BRELHITRIIZR, MHPZEIBERANIEBESRT. R, TIZ4KIESHE
ERNREFESEARERES, RAEEENEHTHE, UL BT ELRE
X RG] FRAE,

B, BIINEHINLEE Sy X Transformer BEGHITHIIZGT+PIEF LT
L. B, EEREBESAEES S, HEANERTEREER —TMERIHE,
1l Transformer FFYIIZRE 22 B KRBRN¥SIES, B ERIECAIER AH
TAIER, AT REANIES RR, W SEEE T IHES R, HiX,
Transformer BRI A EEMERGEMD, MIIZRAT IR — N EHFRIREY]
EIRE, BHEEDEREE DGR BIENSR, UEEREFE e,

BIEIRH T % BERT RYIMFNGAESITS, @S ERBIBRESH
RIS, XERREFL THNBRITSERESTEIS T RENEEE, XE
BERT RFIFIFIGR AT EE R #A T Transformer HHI4RIG AR5 BERTPZ1T
TS B BEESHEE (Masked LM) fIF—aFH (Next Sentence
Prediction, NSP), Masked LM fES R TREEZ S, ERRMARTH 15%
#Y tokens TR, AEVIZETLEE FHE SR tokens SRR tokens, HH
TH#75 token ([MASK]) TLEMBEMERHI, N T BRSNS M
EFZ FRFLEL, E#5 token I, 80% RUMEZRGE FIRFRETHERD token, 10% HE
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F2E M X T
RGNS, 10% MEERFEHRBDM, NSP L5 N2 &R a1 EaM
MANFATFRBEBRERA—BRIBRIES B, EF, 50% R NE ZNaF
BE—NMIFHT—NIF, B 50% LR AN F 2% 818k ZERBEL
A+, EEINA, XA TILEEBER NG F 2 BX R,

Y2 85T TAEXS BERT MUFIIER /T 20817 72, RoBERTal'"1Z5ER T NSP
£4%, R Masked LM 877 20H T4, R B &I NSP LS T TSI
RESZH FM, thFh, RoBERTa SR T I ASMREAH, TV SR R X XA TS
1, IX5 BERT £ QI 4B R RHE AT TS AY 75 A [H, ALBERT!'814E
H T EAAFIRFF (sentence-order prediction, SOP) 155X NSP {£55, £
SOP 1%, IEREARMNER RS NSP A, (EAFEAEDIERR—BRIERF
A EE P B 2 e NI kA iE ., fEE I NSP (RS ELZ HEE, [FA NSP
ESHAERZFERIBEREFMIIERNG T, XSROEAREEZEFERME
P75 TR A —BL, T E R L B M B A 5 SpanBERT U2 H T B
#3% (Span Masking) 77, ER/UAISMIEE—NEETEEFTHE, MTHE
T BERT F N &/ NN TT token H/TH#ZE, 746, SpanBERT &1t TH#HTHIM
YR Bin: BEHFR B (Span Boundary Objective, SBO), {#IEE AR AIAIMA
B REME XS S5 A B B NERAY tokens AT, LFh, SpanBERT ZFR T NSP £
%, HEFERESNEAHTIIS,

HRRIAAR LM, FISRRIESHEEY, G5 A Masked LM BFRHITH
YRR, HAHEFEESASFEINSR, SASEIE Y BfaEElHmH RN
RIEBEREE M/ AESRES, HARAEENTREI RS,
HIMBRIRRE, BRTOEINESFFREEER, HMENETSELT 0, &M
SHUR ETEMBRAZEIIERE, SRAN IS e E =R,
RENAE S SEOXER FRIEZ FNELUERS, %W 7T BERT RYIHEE
TEWE MOURMEUE (STS) EEHMRI, ATHRRERR R, RSN
T 2875, HA DL SimCSER2 A RRME T X LY SINA FRIEFE ST 7714,
B8 7 BT IR,

BERT-flow [*1 1 BERT-whitening! "% J@1d % BERT IR A ZS [ AR & [AH
MERZSIE], MITEMR T IXME&, Sentence-BERT P SZFIZE4 L8484, (FH
SRVE S HEWTE 55 X W11 4579 BERT 5{3# RoBERTa BEUHITHIE, EBEAIBSH
Wit H, BAIRERBLLENTITR (premise) MR (hypothesis) HWr{EIZ
A DANATR Tk, BEEFEZA 23 ESXA (entailment), HIL
* % (neutral) FIF/EF* % (contradiction), Sentence-BERT J¥GZEAE 45 X4 7 &)
FFERREAE u. o F |u— o] PHESI—RIENEXSFRBEMA, FHEARX
WEECHITIRA, KA EE NN TR,
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[ Dogs bark loudly at night. }—'

v

Stars twinkle in the sky.

Encoder

—(OO)-
J
1
( N 11
i 7 1
Let‘s go for a walk. 4’ !
v,

&

Apples are delicious. _{@ o
\ ) G )

B 24 F¥E SimCSE KRHIE

ZEENME S SimCLR VTR 2SI B R, R ARFFHERA
X E2E ST FORBGH R T BERT AR A FRIE. EXEEFESIH,
EMREE SR —MEANAAME, @R ERRAeENR, MAERBEER
[ — AL B AR B R, WIS h2ES], v DS ANIERE AR & [ RIAE U,
BEAR SRR AN 2 RIBUAR L, MM MR A ZS B SR RIRR, X Eh2E SIRESR AT
PAorA =AM BUEEE, mHENR SRR LEIHEL, BRAR &
LRGSR A, HTXNEZESINES—NMIGERE R IEERN A,
HIEFEAN B BREN T FRIERIREXER, MR EARH TR
HeR, SRAM 4 KT EIRIEE T R R MRIEE ST AR, BEEE /D
FAR N T BMARFIRI AR 5REE, EESCARFENIMER 5 & #4. dropout #4538, A
SGAE e, [ (back translation)¥1 %, MIHBNREREHH, TEEAELR
Figmiie, 2RRAMAEIERE CLS token B RORE B LT FRIEMA =,
HT2RBERMAIREFFER, FT—RELRT ML CLS token Z[H]
HATIRSE, 5356, TRREANRIT RN 2 SRR BEH R ER 0. TERIXT B
MK EERZ InfoNCE 5% R, HIERSENEBRERBOLTRMK. B
BT ERANEE RS FEEERAEE. RIZECUEMATELCES,

SimCSE P2 F /NGB SR SRS dropout B0 XY [/l — A F#ET IR IR S K
REUEREARXT, TRk ETEATHERNRIEAANAESR, WE24/R, HE
FARYX EEZE SRR T

Simhy )T

l; = —log (2.11)

N sim(h AT
Zj——-le "

Hrh, sim RONREELUE, b, bt BAEEXHEESTFEATSRB dropout #
BEREINE i MANRTERE, EIENEMEAXY, + RTEE (temperature)
21



F2E M X T F

B2, HT dropout B4 Transformer BN —H 5>, FXE—MIEER$
BEBPIXERIEES FE, 5, SimCSE ¥ dropout FIEIERE 7y 5 5 H A
WER T TR L, EEERE. HIEMBR, M. A dropout FE] SiAE#L
%, &5RE'R, {#H dropout FIBREM T RMWES FHEKIEEBEAE, MAE
T EHBIRT, SimCSE 7£ STS & RIMEN T & eHNE RENTTFR
{E#2% Sentence-BERT, SimCSE XRA] DB 5| A BRIGSHMEIESE, KHAF
FENRRENEMERER, DWER LEIREFHTERENFES, Amitk
TRREZINHR. HHENRERZINT:

esim(h,-,h?’)/f
l; = —log — — (2.12)
Zﬁ:l (emm( i j)r+esun( i j)r>

He, n, Z2HEHRFANRIEAR, oF M o S5IRFHESTF BRI 4
FIRIEAE,

BE%&E SimCSE RUETh, EidX b2 S5 BERT RINEE DIE R EREAF
RAERIF SRR SZ ZIRON, ConSERT 4@ X A T R A BT Hk AR
BB AIREAR, EFE tokens WFFHLEL. tokens $XBY. FFF#KBIFN dropout, Tokens
JFU R ELIE IS B AL B ARG TN EL R 5B, Tokens BT EFEFENIE AR
NIEFER tokens, HHIGEN 0, FEHRITEIMVIERERE, BHIZEN O,
Dropout M & A—EMRFEN X RAFHTTEEN 0, ELEH, ConSERT Rl
T AEIE ISR T AR AN, FAIIER tokens IAFPLELANFRFERRET
F358 77 IAE STS fESHRIEE, ESimCSEP7E SimCSE RYEAY 13T Tk
B, HanWl2 SimCSE MEMNATE EFAN EEMERINKE, XAIRESBIERE
R HENX S IEAERRHME, Eit, ESimCSE FHAESRKTHAL
FHKE, FRNFIEEARZE, Hbz T, EafdEgiEs=, flairszis,
FEFESRTAFERGIE N,

2.3.3 FEFINITESZE

LT A FRIEFEFITEHERITEES EEF AT ARE, SHlRXE
FEEUE (semantic text similarity, STS) {EEHITBEEITE,

STS 155 590 BivfE T+ RIEMFZE N, CARERENTRIERER
A, STS S HBIBEMIE STS 2012-2016 #1 STS-B, TEIXLEHIEEH,
FPMEARH A FRFATIRENDEBER, FEEEM 0 B 5, SEEER
AT RIEECERS, ATIHGEOFRIENEE, RITELATFEERER
KBNS EIE SR P B NMERMN IIE EUESE, RERERIN—RZECUE
DG NTHARESECZ BT E Pearson tHX R EE#E Spearman X R, fHxX
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F2E HXTIHF

ARUSRIE 1, RERBAEE = AENRIMERERS . Spearman HXREAEIANEL
Pearson IR REUEATHEMTFRIE, FANCHERNERHEMARERIHKEY,

EREIES O 20 STS EH A FRIERBRTE, BHERADE
E5 IS E EFRIRRGHT I, XARMERANER MR H AT DHHRCAR
PEEIEXE, HFRXERMEARN AT FESF. N T2RES, BN
BAERRESRVEENEEEEPIXARITEE, FEETHIEARER, R
[ERXERMERREZBEIA2EBEA. &G, DArRERRBIEIREE
ZEARE EERERITPE R, RSN RERR AR R RIER R Fia
HURFEIRERBE ST,
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FI3E BHEFEINTUDERGHAR

F3IE BAEEFINTUIDERFHR

3.1 3|&§

ETHEN ICSs M OE TS — MERE R AT BRERETF RIEARE,
RIGFI B A4 iRV RIE SR FHRFEITT/AF]l Transformer 7E HRIE S A HITUK
2 MES TS THRARBEL, HBHNBEERENIVIGIRKRKEABHESINEBR
KERMKRN 0(1), #15 Transformer TEALER K AN BEHISHME, FEAEF,
BAHRH T B IS BE% S Financial- ICS, % Transformer ZEMARAIS | ABIE T
HEERYICS BB, BAIERATE 10K RE SR SCAENEESR, 7K RoBERTa
A O7821 SR ISR Y 1 B MBI A e BT XA BT 7 BRARAE LA AR
NHIEFRIE, IR T =1 88 ek H TR,

3.2 Financial-ICS BYEE{A TR

Financial-ICS @R ENETEEN ICS, HTERESHENETRE
77 ICSs 2§18, Financial-ICS JEB /7] 10K & 5 A Item 1 Business F1 Item 1A
Risk Factors fENBIA, FEARXERSESTEENAFTFRALFSHNER. H
TRIKWER 10K REFIBEFBRANAKERET 100K tokens, F LTI
BEFER 10K ST HE, DAEEEIT DURERALEE, #90 RoBERTa A
HH 512 tokens FYXCA, FABREIM 10K IREFIRNT A ARINRIEE, BITR
HRZHEUERITRE AT Z ANEFHEXE, HEERS, RRMATINE5THE
RIEZERE, BRERERLESIBORTHRHREREIT AR,

E3.1/87~ T Financial-ICS 4 Facebook AN EIEIKETABRIN=ZAFTESE,
F—, FHEEX 10K RELIBE PR SAEHITAE, FEREATIRNRIE
F|3R, B, I+HE Facebook SHMATIMRXELUESE, HIUNEERAT
HIAEEUEE A 0.68, 5 Intel AFIRIAELIER 049 &, BRITEESXHEREATX
ZHAIRRZHEUEFRE TR, ZEMUEERET UEEREMATIRREITRE
EFFA, =%, MECUESBIENEGRIRHITHRF, HFERWETAR. Al
FEREMELERE, ERETRENARENRLT, FINERATE,

3.3 _10K REBIRSE

TNICHIIAh, P RMEERIRFIZFHEE AT L. 10K REELETA
FISEFEREEIISFZTEEZERS (SEC) EBRNEERE, XOREFMCHE
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FI3E BEEEINTUIERRGAR

(xee ) m ESH

Apple Inc. -0.02, 0.27, -0.45, 0.09, 0.12, ...

Intel Corp. -0.07, 0.51, -0.21, -0.09, 0.03, ...
Facebook Inc. -0.17,-0.19, -0.51, -0.07, -0.33, ...

Twitter Inc. -0.14, -0.36, -0.49, -0.27, -0.42, ...

(1) REFRAEASINREQE

( ) l ?v){t;eT**o?? ]

\
o o Alphabet Iuc; 0.96 L,N
; B Apéleﬂ:mlntél | Facebook aivtter ...77 7 Vi\?[éet Group,wlrnc. "0.95 1
Appe |1 o071 o068 060 .
mel 071 1 049 0.4 B Appe o0e8
Facebook | 068 049 1 0.98 -
Twiter | 0.60 044 098 |1 Tntel 0.71
(2) HEABENZERRZEMNE (3) E#kFacebooktIE{TAE]

Bl 3.1 Financial-ICS A Facebook ZE$% R TA R KRR R

TRAAINEHBERN. WERAMREEESE, 10K REFHVSHIRET 2
(Item 1 #1 Item 1A) SEENRNEHERBFENAFMHEXHEER, XHT
XABETHERN ICS HEAERH A,

10K | EFEEA AR EE. WEYTMRARE2EN T # L
M ARNZERGEMERE RN X, 26 10K REELES 4 D Parts f1 15 D
Items, ANBFFHEHIAY Financial-ICS {8/ Part | FHY Item 1 Business £ Item 1A
Risk Factors {EAEURETRSY, 5 TNIC HFRYIERE—F Item | FZENF T AN
WHEER, B80S, FE-HEARGHRIR. i UMEFIRE,
FRFIREERBITK, URRBHATINIZSE BRI A%, M ltem 1A F2
HBEATEIBRINEMESSMIPEEL, BRATREN AT S SR EE R
A PSP S N

10K IR &EF AEEMNE 7Y SEC Mt HIRE, FRATEHRETRE 3514 1
PRI 2 77 5 TSR, NAEBEM 201041 A 1 HZI2009%F 1 A 1 H.
FERIESIRER, BIMNERT DT 1000 ZRHIXH, FHFEEIRES =155
RS, KUESEA demo £, YIZREEE T M 2010 3 2017 FRIEIE, H 22675
A, AT EEIRTUIGRIX L SIRE, RIEEESE T 2018 FERYIR &R,
#1903 MY, AT IFE—RFIERIELIRY ICSs METHIER ICSs FIRR.
Demo £ TETRZE, 7F{E R Financial-ICS &EIMNRITT AT, FIIHER
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E3E BREEINTEDERGHA
| SOREL AR)EL AT (SIC)  Tokens ¥ FBK Tokens ¥

¥ 22675 3494 377 20.6k+11.7k 114.3k
ISIEE 1903 1898 340 23.3k+13.3k 113.1k
Demo £ | 3345 3345 377 23.0k+12.7k 113.1k

#*® 3.1 10K RELREENRITE

ERAGELHIAT, FEHISIAT demo £, FITEET 8 2010 F£LSRENAF
RIARACHY 10K ik, N ARIEAVIR S 7] DABE i e B & 7= SR A b S5 A9 28
ft, BHEE 3345 MATIREXPE 10K 324,

{165 F§ RoBERTa R AR A = N FEIBEHITHE, FRITEEEFRIME
ER3.1, AIAET], WENSEN N NERESTTE 377 MEMH SIC gkt
TEmT AR, AN, =D EURER T KIEEEID 20K tokens, AXKRKE
HZ#IT 100K tokens,

T RHENTI G RAGHTEAEAIIE, FRITRE T WIEE SRR
S HE A FE R, BEFERIERE AT VA SIC 4. NAICS 4RiEF0 2018 47
B NFAIRBR TR, £ T A Z ANEFTHX MR DUEE ez AT E SR
FHSEEBT IR R FETTA BT SR B R BT 5 2R &
SRVEZELER. BRITARIEEFENATIUET 12 EENRHEEES M E
so G PAFER—DNEIRSA s, RTRE i MARIRRTEE, XELHET A
T4 Financial-ICS, FA1X & EB 0 BRASEIBAI A TR SCR#HT TINER, #9RKT

SERAVIIESE,

3.4 BIEEIZAEL

EEREFAEXAIFEITAFN, Financial-1CS FE 6 ARIERESRIERAA]
10K SRS RTE, Ft, YIG—MREBERIEIR 10K & CRIE AR
R R SISe R T B R ICS RIS,

FNHRE T 8 B %S00 Financial-ICS, ¥ Transformer ZEA ARG | A F
ETEZEW ICS 1, FHATER RoBERTa fENLIRX S, UURIEEAENME. E£E
WEESERT, HMERHEZEENENR, MEATBALIRE. BITHRIEE
BTN AR DE: . BN BRFIRIEN T ER,

FEREFEINER, BUSHESREM, e sadils, BITFRE
ARBAE KRB SOARTE R AT A2k, DARSHZEED . ETRATAISGER
EEIESFEBSTAIENER, FHRITIEREEH Masked LM BFRHE(T
FulllgR. AR T aASHEALIH, IR AR TS,

N TR EIGAEEY, F (1 H RoBERTa AR A IUSUERE L
EEEMMINIZERIReE R (checkpoint) BERYIGACEL, X BE P T
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AU SBOR

R, BAUSTENEER ETURPABRAITRERIZ, BAMER 1K TS
HUBREPRIIZRER Y, HIEBITORIEN RoBERTa SEEF/IIZRAIIER], X
FERT MRIERU) IR SR 2 5 T IES HRIZ -2, FFgas S Rxy SRl
TUF S AR EREE ST,

00
80 "
]
-~ 3 3007
©
2 >
(71} |
= B 2001
@ 40 = |
s <)
=
0 100
20 1
0 B e
0.96 0.97 0.98 0.99 1.00 0 200 400 600 800
Cosine Similarity Dimension
(a) RRIZAHVE 534 (b) A A oAl

P 3.2 RoBERTa TEFRIIZRIG I SRS R AL AR IEMHHAUE 04 5 Ay A 00 7

TERIERSERS, BT RoBERTa 4 A SASRAEHAT T o4, FAIEH
10K R EFIREFHRIEEIHEABRTIRER A, K RY]70 K RoBERTa fE
REFBAOKCEE, BT 512 tokens, SRIGBMHEITALE, FREUITH tokens HIRTE/GHHATF
1k, Bl RH] T IX SR RAE A RIZACUE A& FE 20, E3.207
o AIDIEH, RoBERTa 4 HI XA RIEFEREMNE, TR SR ZA
R B D HSmR S, JUTERTE 97% DAk, b, FrreERISORSRAEAERERT
TFREMARTES, RT VN ETFRERK, REEWEFRESREZLIO, 7
R RAYR R,

AT ERBX—UER, BOMERAXN IR TTENEEHITRHIE, M50
BRI hLaE AT IEREART, FIRHSZ AR ORI AREARXS, DUESEREA
[RIFTIX 53, TERAT I B AR A BE SO RIE AT W S e EZE T, FH
B (E L2 A S B AT A B R A SORSARAE 2 (B BB B S U RGEAE B, X5 X
EeE ST B R — BT,

BB UEBSRPIESLRY 512 tokens FEITX L SIIA, FHEHS Sim-
CSEPA UM T Bk = E AN, ARME, KX A —-XAFBERAHE
dropout #ERS A BRI RAEFAIERERN, AR ABREREIRIEFENAFERIS

G RIEFES G, FHIMEIRFT RoBERTa 4 BRAY SRR AERELT T 7087, M
E33h A UEH, WHEIERAEE LEFE T HAE RIS RIEN AR

IR,
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e 3004 |
3.5
2507 |
3.0 1 (]
3
T 200
22 £
2 20, 5 150] |
Q E
B 239 2 100 |
1.0 ("2}
50 -
0.5
0 B —
0.0 ; . . . y — . :
0.2 0.4 0.6 0.8 1.0 0 200 400 600 800
Cosine Similarity Dimension
. N 7 ‘
(a) ARGEAHIBUE 53 (b) 7F AR

33 RoBERTa {EM 2SI GRS B IERI R LIS 21 5 4 R 6
3.5 F{LIstn

BARMAECLERSETEEN ICSs iR, EERZ N HEMITIMENE
o AT RBATFRET B ¥ Financial-ICS TS, BITM=DFA
FEXTSEH BT B ICS MIXASHNREHIT T E X, 85, TR EFR
FINFIT AT N IZZEATHXN, SFHEXEERS, WHZARNMEERT,
Hik, ETHEEWICSs HEIMBATARIN XS ERIZIH ICSs RTINS E
E—EN—5. &fF, HTETERWICSs AR AERIEEEA K
EEENATAFRIEFEEOUETE, HENREREBNIEHEHENETE
B 1CSs I EBAEBE 7. BIOTMU EAEHERIRT T =1 8E LR,
THEPFEFEANRIEENENE R CEEEIITRAH, HPES 10K R,
SIC 4Rh%. NAICS 43 AR 12 ZEERRTEHIERE s,

i, KFHEXNETARNERE ERTERE ERILAELABEEED, F
o, MR-IPRFERETEBEEEEKN, BAERTATEEERRNES
BWKR, XESFRITATIZ BB TEEELEIER A ATEE B ERY
LM, NTHERIZITHI ICSs, FI0 SIC #1 NAICS, FATH SIC FRESEE
NAICS 4352 LM AT B IERAIT AR, MY TETEZENICSs, HIKFE
TIFEERN AT RIEZ BRZAECESTE—HAUEREN A ATHIARNZFEIT AR,
BMANETEA LA EHR TR S HE T RET AR BT HEE 2 (AR Pearson
FXRREL, FHKIIE, EARNMBE—NEETEITR, Pearson M REBEHE 1,
EWE T AR Z AT EAEERE X MEEEREERT RT3
RAFHEINRT AT 5 ER AT ZANEFTHERME,

%, SIC 4RiSF1 NAICS RS2 Z AT RIZIIH ICSs, AR5
BH 4 £F0 6 M FHREXNITIT B, FFAATHERERT IR, XL
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F3E BREFEINTUVIERFHAR

YRR ] A (R BT BN 1CSs BTG THAZE, A15% STS (1551590
TP VRN I 7795, R TS = MEETEMR. £ STS A%+, BHAFEHE —
MMECUE B A TIRE, 2EGEEE 035 ZH, HEdEsRFXERFZ[E
AR S, ZESMEHESEY FRIFNRIZELUE SHELUZEFRZRY Pearson
FERBRELEE Spearman MR RECKITL A FRIEFBAE, X1 SIC #1 NAICS
B NRIR SIC 4RA5F1 NAICS 4RGSR AT & [AAELLE 28I N AR,
BITHETEN AFZ A SIC 4815F1 NAICS HiBHNHR K AHAIEINKE, AN
WEFNATINREESEKNAHEFE, LXMW PMRFERAIGEREATTE
KWFATAE, FHENiZERFESIELUE SR, AT SRS LIE 7 88Tt
BRI

scoreg, = max(0,LCP(cy,¢) — 1) 3.1)

H, LCP REREKAHEFIBEL, o fl o, 7R NLFE SIC FRigelE
NAICS %it, ZFIRYL, MERATR SIC 2 7372, RFATUIZARSS-FEL IR
(Services-Prepackaged Software) ; TifERFFI Facebook Z~FIHY SIC #8/9 7370, A3
ARG - ENGRE. BIELGES (Services-Computer Programming, Data Processing,
Etc.), B, WEGHERITREAACESE0h 2, HRF] Facebook AIFREEHE(NU
EH0N 3. BB T HEAHMS T 1 B FRHELESE, K2R SIC
ZRADFT NAICS 4D & F Eai R ALE T F ZT AR 2. TN AFIRIR
SHMUERE, BEMNETRZTHSRTL MR, BadiETHEN
ICSs FREVRIEATRIZABUE W ZFE &, DAER, TITHBEARIELFTARIL
Z IR RZAEUE S A R PR B A A TAREARUE 70402 [AAY Spearman
FRREUENE ZMEEIER. BADERFH Spearman FHX R LT /2 Pearson
MR FZEL, FN Spearman HH3¢ 2 1 & 1 2 HEA T A Z LR 0 IR R
&, EFEMSH R, Spearman FHXRMAVERENL 1, A XETHEZENICS
MEREEE, XMTMEERA T RETHIEN ICSs BRIMAT AR S ETRIE
THRT LG AR — B

fa, BATR TR0 T SRR = A4 (YR AL R TIPS, £
AFRAETEITEF, TEEIEFBEERN STS (EFRIH T, FEXNEEE,
BITHET -1 20K ES, HLUINRER A BRI IER M. TR SIC3
F1 NAICS4 fRHE1E A HRMESHIRE, Hr, SIC3 R SIC FigAYRT = L2X
¥, i NAICS4 3% NAICS R0 BIRTILAL, AT HEIEN ICSs =49
FAEEH AT KB, BRITANSEEFE R FEFTRHERRIEN
ZERGHRENETE, RABEFNSEIR, E£EP, TIMERMAITEX
WIERIM/MRE, FHHEBRT HASE/NT S 2850, Hb, SI1C3 #£ 100 P51,
NAICS4 $% 63 PNEJ, tAh, BITBEREEA F1 (E I EHERIA 2B R HER
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F3E BHEEFEINTUILRGME
RIMERIZRIEIR, BN SIC3 F1 NAICS4 FRRUKFIEIRE, BRFRRFINHAKE
ERRK, EREBRHAERINRMRIERNSE SRS, 2K F1ERS, N
INNIZARE 4 R E S AT RIEREE TR,

3.6 SCIGHAYS
3.6.1 HZ

BADEFET 8 WA ERMERNBMZLITH B BB SN Financial-ICS &Lk, B
5e, BADER T YRimARRENER VBN ERIZIHH ICSs, SIC # NAICS,
TERLIIEL,

Hh, BADEREFFIRIT 6 METEIKRNICSs, ATETHEIEN ICSs 4
10K IR EBHEEFNINFER2ERNELRNBAA. HHF, Random FEREN=E
768 HEFENRIEMIE, Bag-of-words & BT REHNETEEMN ICS, TNICH AT
KA. BITRAS TNIC fHRAIER, RERAETRRRARETELIAER
MEIAR, HBERXPHIRRET 25% ME LAFE, RIMNRKEINER
KEHN 35K, MTEMH, BIER— N5 ARKESKN SRR, St
ZBFARGEXRIFHI, Avg. GloVe embeddings!"? 77 EEFF GloVe 34 B iA
BRARE, FEIHBEEN SN RRAARIIER £ RAN R
fE. GloVe BIESFRMEFASINEGR TSR, EFRASEETRIES LTI O
FIT KRR BELRNF-ARIERE, BB N EIERTHER %
KESNMBRNEERR. BRI Glove IR AEEIZE N 768, FHHHE O AN
BN 15, %FF RoBERTa CLS token 1 Avg. RoBERTa embeddings 777k, A58
F RoBERTz2 E&71E)E I BIERE _ e R VISR E sORIAHANE, RE
1£ 10K R EBUBRR I T T UM, miRENKETHEESINAE, &
I SRS YI 73 BB R o] DA E B2 AR O Se AR BOH T Y I SRR 3, 7EHREEM B, Bl
HHEFTH XAEL CLS token FIIEBRE 1T 2R T R4 BOSCASSRTE,

3.6.2 BE¥IE

BIRIRE S TINGFRAAN N5, RIMNEMKEFSED 80GiB HY
A100 GPU bHHTER, EXFANME, BIYERT AdamWBIHRILERIHTT
%k, FA7E RoBERTa RKIRA B, ERNERBFZRALE FFN PEAT parop =
0.1 #Y dropout, FEIZE T 0.1 KINEZRIENENLIT, BIMIF/ZT gradient
checkpointing 81 PAJ /> B 72 T E

TEWEMN R, BIMEEIRIZEN le4, BISEEFEIRFZRHIGHTES
REARE, HNRETEMN 5% K E0HIT warmup, A6, HHAEANEERN

30



F3E HEBEINTUILRAHAR

16, BEEREIMIZEN 4, #H1T T KA 100K FRIIZR. EHENER, BITEES
RIZEN le-6, KARFBEIRRE, ik, BHMERNMIEN 64, XEEES]
WERFHREIRERN 0.1, HITT KL 200 HH%,

FEHEIEIR—, BOTEABRTEEWNICSs REMLUERE, ¥HAER
W ARIRIEZ BAYRZAALES TZREN AT ANRIT AT Hilt, BIME
TG T ERKRITR ICSs FENAF Y LERIINETATHE, REMER
32, AIDET, ERMNKENRIEES, SIC EHAENMATIRE 33 NREAT
/3F], T NAICS FE93RE] 49 MAT AT, Hith, BRIVERAG N AT FEIHE
50 METTAFIEAETEIER 1ICSs FRELCUERE,

BRI ICSs FHMFAITAREE

SIC 33.08
NAICS 48.74

# 3.2 IRIE&Eh, SIC #l NAICS HERIIMRITABTNTHHE

3.7 LRLER5DH

BIERT =188 I8 8 NMELRIFHERIMNBHNET BREES
HYJ Financial-ICS FE %1%, 3.3/~ T Financial-ICS ="M S5Zf1iTk
DRBRFANUREN . MFRA, BNTATUMRE, BIFEREILERARIXN, £
— BT EIR R EEE 0.2798 (4 Pearson AH3E RS, TNIC i AR 1%
RINT HEWME, E=ZNMERLIYBEE TERARMEFESI /L Glove, XZHT
GloVe B —FiEER AZESI /715, T 10K i & PRI SCRS K EIAE] 20K tokens A
L, MEARAMITEINREEEEERRIASER, N, Glove HAMIEH
T 768 AEREESRFBRE AN Y, MASEBESHMERT KA 35K £ENMAE,
RoBERTa BB (GHTRMIIGE, HTHARNREZISARENRE, K
ENEIRBRES T TNIC, Hi, XA A TRty BT
FA CLS token BY77 %, #RT, RoBERTa MEIELZITRIEZESINMIAG, WREER
BHE$EF, i SRoBERTa i£/2%: T RoBERTa Y Financial-ICS, 7E="5#x
LERER B AT TNIC fIARZIS A RoBERTa AR, IXEAME, XHISRAVER
HATHAR] DB BB E RIENRE, XN ICS HEINRT A FNEAETTHE
F, REET RoBERT:2 HY Financial-ICS B IR0 b2 SIRER B
WEESIFBEAEXERTHEEN ICSs BE&PIRE TRMHNZER, EEEERIE
THY ICSs, B#5E SIC #1 NAICS, {6 —EHZERE,
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FI3IE HREFINTUDXRGNR

Tk 0 Pearson HHEIE 534X Spearman  i24B[EIH F1
SIC NAICS SIC3 NAICS4

Random 0.2798 -0.0001 0.0004 0.0063 0.0115
Bag of words (TNIC) 0.4060 0.2913 0.2988 04936 0.5794
Avg. GloVe embeddings 0.3885 0.2904 0.2689 0.0601  0.0838
RoBERTa CLS token 0.3803 0.2802 0.2730 0.0579  0.0720
Avg. RoBERTa embeddings 0.3990 0.2859 0.2865 0.1280 0.1875
SRoBERTa 0.4177 0.3355 0.3559 0.5488  0.6333
SIC 0.4261 - - - -
NAICS 0.4473 - - - -
Financial-ICS (RoBERTa-SimCSE) 0.4197 0.3367 0.3441 0.6030 0.6730

£ 3.3 Financial-ICS (RoOBERTa-SimCSE) 5 8 #hARRMIT Ik R RARIMER L

Ry i Pearson AH{LUE 33X Spearman ZHEmA F1
SIC NAICS SIC3 NAICS4
7¢ (dropout) 0.4197 0.3367 0.3441 0.6030  0.6730
B 1 NE 0.4198 0.3335 0.3416 0.5936 0.6724
IR 5% HYIA] 0.4124 0.3323 0.3364 0.5933  0.6694
AEH dropout 0.4120 0.3315 0.3289 0.5901  0.6523
Masked LM 15% 0.4172 0.3312 0.3344 0.5896  0.6640
MELLL B 0.4080 0.3121 0.3154 0.5428  0.6208

X34 G SRERNRRIEEES AR R
3.8 HEIERSGENRE

BB A EEN LESIPHEEEEAR, X—TH, BITEHRER
A EIRYEHEIE R 7T % RoBERTa ARELH TR L E ST, OIS HAERY
Financial-ICS HEERIRZN, FRATHERT 6 FCRRREHERHE T ERERXN HLES
FHJIEREARS, €3 dropout, MHIER 1 NF. MHER 5% AYiA. A EEF dropout, X 15%
fY tokens JEITHERE DAMIREL L BIFF, HA, TRATRA pyrop = 0.1 fE dropout
ISR ENAECE, AL EINFE BB A E RARIF ST ELSR S, 7F
SLierh, FRATERE A 2B M MER SO RIENR S R

MFR3AFFAE L, #H dropout BIAEE A M S ZEHE RN RIE I H
o, [EFERNE, MEMEINFX1ERE=4 THHE T, BT RoBERTa ik
B AREEAERZ 512 tokens, RIS DERE, MELABENFN XAEX
B TR, M SBOERTE,

3.9 ZFEE/E

TEAZR, RATHEH T BB E2 S Financial-ICS, eI AT b2
SIHERI 7T RN E P AORIEAEE], BRATEH RoBERTa fELIRIVIEES DA
IRV SMEZLENE M. BT 10K IBESIEE RIS A IAKEILE 100K
tokens b, FATH K ALHEIT T 9 BAE, BAITSHHTT RoBERTa FEEIERS I
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FI3E BREFINTUIRRFRA

EIWMARTEE R SCERIEN 2, WIE T X L 7T IB RN E M SR RAE
FRSMERERM, b, BITRE T =/ 8EXWNIER, ATEEE EEEY
) Financial-ICS #RFINFATARRNETFHEXYE. 5 ETRIGHNTIEHD
— B IR RIEE R E RN SRR R, SRERRA, FHEREESIE
28Y)I125H RoBERTa %Y, HAGEAY Financial-ICS 3R R LT N&id Wl & HY
RoBERTa AR ICS, FfHilEd 7 HaiReHETE LR ICS, TNIC, H
ES5ERIGUH ICSs tHE, MEE—EMNERE, 55, BATEX X EZE S HAfE
FRANBEEER S EHIT TIRER, FHEIUER dropout HHTEIBEEMERE,
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F4E ETEMX Transformer WITIL D RARFHR

F4E BETFEM Transformer HITILD L RFKAT

41 3|5

ESE3ES, FATINB T ET RoBERT: K Financial-ICS K B B IZRHER,
FHIRI T =R EOHT I, REZE T RoBERTa HY Financial-ICS #81d 724
AR AR TEBR ICS, TNIC, ERS5ERIFIH ICSs 1L, MEFEEKR
ZHE, BT 10K REFNBEACAKEIRE] 100K tokens PA L, {#F] RoBERTa REY
HITHBRBIEERSEHFTERENLIGE, B2 ERERX Transformer 32
FINFHRIRF M BRBIRE, THREBRCBNERESOE, EAREH, ]
T H T —FFRYE K Transformer %4, LongBERT, B FEEBAHREE T2
JRERE S, LongBERT ¥ BIEFENIVSINHEMAREE XERKZR 0n), REHL
BEKIX 131K tokens I #4. HAh, AT BRSO TN 2SI B A TE IR
B, AN T AR MARXN EEZESI 5, DUEREBE AKX LongBERT
HATR L ST

4.2 LongBERT

ET 10K HEPHIBACAKEET 100K tokens, T Transformer B ER
HAPHEINHBERAEE RERFIKEN IR, JfER Transformer TEAMEK
NARBRRE], BMZH T —FESHE, BEENEANE B SR Transformer
#&! LongBERT. LongBERT &+ A AZLEE 131K tokens B SAS, MiA] DAE
FEALHE 10K R S BURE P RIERS,

FA10A RoBERTa HIRTBULEMIE R B, FHXHE BEEANGIFI BRES
FUHT T, BRIMNEME SR AREENNLRERIREREANEERS
M, F5I ABEENM B #R A (rotary position embedding, RoPE)®0 {2k LongBERT
I B4R 7 2ORBRIE BB RI 2 ST A B B o

B5%, FATTX RoBERTa HYTER IEREHAT 7047, BATRENLIZET 100 1 10K
&, F{# A RoBERTa AL TALE, IWEHTIEE softmax J1—LEH
ERIER, REHITHESE, BITIREUERN B AN BRI A B BRI
R, B4R, HRMNEIMBERSIVGIFHIEE (query) EHRIGESWEAL
B (key) REESNERANE, XUOAHTBRBESESHOEERE
MREE, FE—BXAT, FE token S B HE HEEE tokens B LT XA
RIE, EHIZ token 54F/EHT tokens BE AR EETNER, BEESHXRIE
ETRX—HER, BIBIATREERS.
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F4E HET 5 Transformer BT 3 KRGS

100

200

300

400

500

0 100 200 300 400 500

Bl 4.1 RoBERTa MXE N EEDH

Hei TEE=ZE/HEFEANATR, 7312 EES (block attention) . B
MRS (window attention) FIH 3KIEZE ST (dilated attention)1:601, Pk & J738
SR AT DB EBNXXAR, S MUPHNEEARGERTELSAT/RE
HAARERT, L o) WEZE, (EEHAE XA HIEEH#ITE RN
3, & OFERAINFE S MR RS RS T RREN, ¥ KERS
NEET kERGEME Y THNEA, EEOEENEENEM L, FAFREE
Pk E OREME B ANERZE, mMAENE&E, @OFEEAMY 5KiE
BAOMNBLSE, SEEFEAEERLR cUDA AR A SREITREL, W
REFRABRLE torch L, MISEAEPE FH05k B HHEMBERITERE,

BANERFERBAERFE S (shifted block attention) ESLHEEFE T,
FIXFPFEE AT UERELE torch EEEH, MARE BENX CUDA N,
B, BIGIARSRNEGERES, RIMBIESEKEN n, FFRESENDREER
KER w X ARE, B token REETEBASZEAN tokens, B 5| ARTEE T,
BAIERT BERINEZRERN Own), HT wB2—MEH, FTUHEREN
O(n)o

BAXMARBRRTEZEEEENNGNERE, BEE2HTIREZ AR
ZEEBLRR, SEEAERCARNETEMAE, FERMSIANTRBARER I,
BATEH TRAMSLERIER, £ M2 aiRENESEAREREIEL, £
TRRIBEE SRS B AR T w2 ) tokens, BIRR AL ERAYALETA]
AT, FMEE SRR tokens TEX AR Z BHIIES, ML
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E4E ETHE Transformer KIT DL RFHAR
A E Bz A1E BRI sh.

BATLEZLEFERAVHF AR ER S L BIE AR RME, —F0E
BAERE—MEX, ZEERE-MEX, E£E42%, BINBERT Long-
BERT M BEEEHE, HHHEEHMIRREAE—MERNREES, &
BRI RBEAE _MEXNIERES, EZEF, XERNKE w =4, &
T AMERRIER B SRR ABMIIER ), BLERBMRER
71, BATIDERFEEERT] O(m) EXRENFRN, HEREHEMERINESE
G, fRI¥ LongBERT B EE L MERNE, ARMERNWME KT
2] O(Lw).

Bl 42 LongBERT KIHEREHYLH

REBURFEEN BEHE N TEAENEHREENNREER, BR2%E 10K
MEBHERED, R tokens HOXE 100K AL, (XERFEERIWTT
R, BIMIEELZIN BN SN 2R, I T7RBRERX MR, BIEIATE
RERES, FEMZIKAHMIREKERE 0(1), BIEM2/F tkens Y77
RERELHMLR/EES, FEER UMEAEKREZ A#HTEERIINHRE, 2/
tokens SLVFAT A tokens METRIE, [EN, FiH tokens HLA] LAXT 2 /5 tokens AT
XKiE, BIRATIHNEERA2E tokens B FE, BB AIE ¢ PNERIMYRTII
&5 tokens, MIASEIEIS HRE(# H AR AT tokens fEALF tokens, iXFf77ZEA]
DAfH1§ LongBERT EH HEBN AR, MAZREKESHI=N,

R, BITHBHN EERAVIEIET TIHHENNFEE REN 2T, BAR
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F4F ETE Transformer B T3 R A SARK
FEEINEZER O(wn), R —ERSER I SLARERE AV HIHEAT EREIF A
SREEHEIE, EREBRNEZREN 0Qgn). HItk, BNEZEHN O(wn+2gn),
EREH, FATE wikERN 512, g REN 16, FILEZRER UELH O(n)o

T M A AR 75 RS B AL I Long BERT AY B 1E = S1H1Hl, LongBERT
Y tokens B] A AR NER Sy, —E 0 2 FEZ I TRAIFE JI8YER tokens,
F— D ZHRENIME2 R tokens, FA173 AR IXF N ER 7 HY tokens BEITALHE,
B, BRINFEERAES tokens KEEFR] w HBEE, REXRHEE ZME
EERIEESSLHITIER, B, BPxeds/skayian, &, [EfnE
R EEE w2 MIE, XEFIINRE w2 1 tokens RHEHEENF5 & A H,
BATX B ZI 5 AT E Y tokens HITHBAIE, K ABRITIANIE G FFFLF0
HBRESTEEHITERNTE, 2THRBEERNFELINEHEN. £
REERFRBIR IZE 2R tokens TEXOH, FERESERUT, BATNFEIIHET
E&, FHRIRRAIR)T tokens BHETESNER L, H5FTARIAER tokens FR AT PASETE
ZI 4 tokenso, MITIXFFTIE, AR DG SR BB E RNV 4E T B
B, M TEMFHITIEE, ML/ tokens X FTH AIES tokens FIFERA] LLE
BB 2 2R /R8BI, LongBERT BB FE MR DUERFEA torch =
W, WMATEEEN CUDA AR, XHR TIRERAVLIEIN R EERATE
s,

BTN BEEAVIENET T BN, BATERE T REFALE BN B R
FEEIR ARSI N BERE, BRI EEAMMAESRETT 3, B4
XA BRIGFIMEN A B9RG, LN BRBAEMIETE—NAE, BENMI
BHURAG R, THMOMEYN, TEEREMEENCEIER AN ESR
F s A tokens Z B YIS L B 2 RANEE U TAI BB, RAFTMLENEK
XA, GIEKED 100K tokens PA_ERY AT S 4a3 0 BRI H IS EHEEIT K
FIURSUREE R, 15| AR B 4REE X 2 IBEIHE R AL B 55 B9 R 7R
FRH, FEHMEMRAGS T IXMEm S AR A, 1T H Bk Rk X 4
MALEEBHTRE, ANGESEEAFEENARNAERRF RS AHEX AL
B, EEELRRE, RUEBRANERIATESHEREIFAIERERC,
BXFIKEEEERNRES,

2% AR, LongBERT BN RN SIABMPEENMERER ST E
EREAMREE SRS, BASREEAF DERC A AEAES THIER
REREERE, LW om WHERMNEFEERE, HEUNEHYT BT REER
TIHBRZEY, TIRFEFEEIEREM BT T KARMFESIRES . FRATTRT CAFI A
MIERTGNE B ENIVIERT SR, A, BAITETIAT R Em AL
F R KA H TSRS, 158 LongBERT 7R K AR FURE IR R &M, FEin
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F4EFE ETER Transformer BTV R AEFHT

PR T USURE,

4.3 BRBIFHESR

FATX LongBERT MITIIZ5R A T 5 RoBERTa 28BIAHT B IEBAIIAEZE, BIFA
YIS LLZESIMARTER, BEE—LEER, HTEEMNLITIEX LongBERT
AT, RBA#EH T RoBERTa il FSURIER ESE ISR E s E X
LongBERT #17#1%a1t.. BT LongBERT & RoBERTa BGHRA, FEART
HAREEAVFIMMERE AR, BREMATUERARETNSENE, X
BERATERENKRSCEE, #E, BN LongBERT 1E 10K & BIEE it
THREETIZR, DUEBEREIN SRIUR AR ERRRES], HILREE &R
FHERNEHFMN B S, BT LongBERT &K AT ASLE 131K tokens B
A&, BUATRAXY 10K R EBHEE PR N AHTHE, RERIMTAFREN X
HTHEBAE, 85, BATX LongBERT HATXT LLZESIMIA, AT REK AL
BERMMARREAKAEAREZ HNFE, BIMREEANLEIESTER
Y InfoNCE &1, M@t T —fANERANK XA LESI A, HUK
1A LongBERT,

4.4 RNEFRLBIFLEFESGE

X HEES R B R EVISERPHEERT, BRIEER 1K REBIEEN
S EETE 20K tokens PA L, B LongBERT # Transformer &5 BIER D
MR EREM O(n?) BN O@m), BNMSZEIAFERIANRE, SBIZGN
IR Dt/ FETRYIGRBNER, XFH 2R, EABRAITACOEEHE R
RIS R AR R SRR R/, TR S I SRRIRSE M. R, TEXHES
MAMER, BTHERESIAEARERRBTIRANTE, RPNHEEN NS
B ABERD, EEEESIAGHERTMSBNGRE, Fln, mRERNHE
HR/NREEERR] 2, ARMMEERABAERBITH LEIMENITE, it
TR EB# TN, F AN RS PAEANRETEENRARTERERE
B8, [Hit, BT T AEMRARIM I, FROTAESE R Kot
LongBERT H#HTX bt SIRIA.

TATRAT dropout X Rl — S AYHITRIRGR G R =L EFEARRT, FEXF
IR TTERE 3 8 T BIE R /T R R R S T RIS, s, BAEH
RFITHARERXEAE, BATEH T - LESIRE: ETER
(prototype) BIXSLLZE SR, RIPAM RS HIMAERBEXNLES, AR
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£ 4E HT 5 Transformer KT 3R RGH T
IR b SIIRR AN T -

pi = (hg; + hyy D12
label; = |i/2]

(4.1)
Logits = pairwise_sim(H, P)/t

loss = cross_entropy(Logits, Labels)

H ny, hyy, € R BIEREARX, d, BEEFEXERIENERE, HTERS
AHIRIER B — A E AR R dropout RZAERE, BEMTESNERER
XHBER B TAIN M SRS p, € R, FHIRFXEFEER 8 /IR
%, RRXLEFRERESE i N, BRN MR AOEF SR ERSE, H
5RAMRENNMIEE, H € R?™, P c R™ Z2HTAEMN b, p AMEFTER
HI%ERE, Ehn ISAREREE, pairwise_sim BRI FHLCUEREL, XBERITE
B E#ITIHE, BT Financial-ICS ZEEIRFIITATIN, #HSXAERIEN
SKEMAUEETHR, FINERRFRPEBESHETRERESEN, « HiERE
(temperature) S, BN I ES ] DIRBEIHAHE XA DRES, B
RIRAE h SRBINMER A, SEMAEARRIE SN EE Z B RZMEM
B, FBRSHEMBETMRZECE, BRAT07 DU R S IR R RX BT k.
R XAERGEHISIN Logits € R¥™" | Labels € R* B label MR, BET/H
BRI L2 ST R RN M AR, B TEEATDNES N EREARHPREARE
EREHEBLHMHIFE .

BR T Xt b2 STIRANIEIT, BITEXN AT T WEFEHEFETEU. T &
SATEGHE, BIIMMTEFR s SEAERFEMNRERR#HTESERNRATRE,
M ERAERER N ELHEN LT SORBERIHTIHE, MENRAERRE
RBHREER, RITAIDUERXEREEHERENERSFHE, FUAE/NE
POHATACE, MM EREAEERE, ERIMNNERF, BTREFERS], ?Ji{
¥ s BN 1, EHERIMEEANTUEIRER 16, BIAEARNEED 14, B
WIXFA i, BRI T ENMURPX LZEI AERNEE, BT HESIRE
ISR, AT BUXAERNZ A SR AR K IE R BRI,

45 SCIS4RTS
451 H&

EE36ITHEME, RISIANTHENTNESL, SHEET 11 NEL%
FIEERATBHAET LongBERT HY Financial-ICS AR . HH, SimCSE-
RoBERTa Bl AEAIEIEZEF IR H I B KB %S H Financial-ICS, 1M SimCSE-
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FE4E HETEN Transformer TV R ESGHR

Longformer 31521 2 B ITHF W IR LR, 5 SimCSE-RoBERTa 241, SimCSE-
Longformer t{#/ dropout fEJN X b2 SR EHESR 5%, FH A SimCSE H
[ InfoNCE a5V T4k, Longformer 2 X4 R1#1HIEK Transformer, Hit
HMNTFEREN O(m), BRAREALIE 4096 tokens KA, ELBRIMHFEN
AT B, TESER R, FRAEEMA 512 tokens B OERE I, 75 CLS token
e 2R token HITLRFEE S, Avg. LongBERT embeddings 2 &1 10K %
EHREETIIZRRY LongBERT #2Y, TMREXNHFTH HLZESIMIA, TMERD
B A 2% Il R AL BRI, LongBERT A LE#EALEE R A 10K R
ﬁ:“?iﬁf, MEEHIToRAE, BT LongBERT #J Financial-ICS &R HH
FTHE T E3X Transformer KT 3RS, ZRFFIH LongBERT SRIEE A
R ATIEFRIE, RATISGIX SRR 8 B ISMESR, FHFFRIRANE
PACHIRS e S 77 R TIOA,

452 BEHISE

BN ETISHMAR MBS, BITEMKETFEEN 80GB K
A100 GPU B3#/TE56, EXWANME, RIMIEMAT AdamW BN RAEHETY
%o BATRET LongBERT B AHER AP AREKE w =512, SMNBHER
25 tokens X g = 16, FF7E LongBERT MR AN E. FENFEFEFZEALE FFN
FER T parop = 0.1 K dropout, FRIRET 0.1 FNERBIENENMLIN, B
FFJE T gradient checkpointing® DR/ B 77 4 4E,

EFINGEEE, BRITEESIFTIBEN le4, BT EIRTREHITES
AR, FXNBRATEN 5% M EOHIT warmop, AT TARFEH, BINME
FA'T deepspeed ZeRO2BBII AN AN 1A, KHUEA/NMEER 1, B
BEREIMZEN 16, #H1T T KL 20K W15, TEMAMER, BITEEIRRE
9 le-6, RAFEMESIZRER, N, HHAEANEEN 16, EHEHE2 ME
AHITRENITE, MHIMY 14 MERELHERE THTIHE, RITEXNL
HSIREFNERIREN 1, 17T KL 300 HHIE,

BANBA T HE3.62W PR THLUERENERE, KASNAFFER 50
MRTARIERRTE BT HEIEN ICSs AR BIE,

4.6 SLWERSO

BAMER T =B BRI 11 MELSRIPERITR HAYET LongBERT
MY Financial-ICS BB, HAWEHEGR—T DN ETHER ICSs FIERRIt
HY ICSs ¥EATPPAL, MBI, —HTERTEFRIRIH ICSs (EAATIRE,
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FAE ET 5 Transformer BT\ 3L R FIAR

Fi i Pearson FEUE 535X Spearman EHMI F1
SIC NAICS SIC3 NAICS4

Random 0.2798 -0.0001 0.0004 0.0063 0.0115
Bag of words (TNIC) 0.4060 0.2913 0.2988 0.4936 0.5794
Avg. GloVe embeddings 0.3885 0.2904 0.2689 0.0601  0.0888
RoBERTa CLS token 0.3803 0.2802 0.2730 0.0579 0.0720
Avg. RoBERTa embeddings 0.3990 0.2859 0.2865 0.1280 0.1875
SRoBERTa 0.4177 0.3355 0.3559 0.5488 0.6333
SimCSE-RoBERTa 0.4197 0.3367 0.3441 0.6030 0.6730
SimCSE-Longformer 0.4235 0.3998 0.3808 0.6244 0.6982
SIC 0.4261 - - - -
NAICS 0.4473 - - - -
Avg. LongBERT embeddings 0.4154 0.3189 0.2939 0.2186 0.3403
Financial-ICS (LongBERT-based) 0.4289 0.4198 0.4194 0.6334 0.7086

& 4.1 Financial-ICS 5§ 11 HARRENITI DL RFRINRE

It HEERNE T BN ICSs AT, =/ MEiRadl R T T R R G ERY
F{T AR S EARFZ ANEFHEXNE., BETEEWN ICSs #REMETARS
FTRIQUHTEMZ BR—3E, URETRERERN ICSs R AREHTR
EM &, R4.1BRT Financial-ICS 5&MABERNT V2L RGHE =TIk L
AIRER A b, BE TR, BATENFINARF BRI EIR AR TRIRT 247,

FESE3.TT R, ATEZ483, SimCSE-RoBERTa (75 481 7 M4 sl & 7ei#Hy
ETHBEWICS, TNIC, H25ERIRIAYICSs, 1 SIC. NAICS fHLL, 157FTE
B KZEHE, SimCSE-Longformer 7£ SimCSE-RoBERTa HYZE: Al - X RAFE Y 11T
T, SRR UE BRI SR K E M 512 tokens HEFHEE 4096 tokens, ML
WEERPAI PIEH, SimCSE-Longformer £ =/ MEMRAHIRERELZ T SimCSE-
RoBERTa, Avg. LongBERT embeddings HF RZ& T HlZk, HAEMBIRIER
FEAMBREEH, SEEMAEGESZTMIAN Financial-ICS #ERKER, HE
HEE=NER LRSS IHHEIT Avg RoBERTa embeddings, TEFBH464R LT
TNIC, BEATRHHET LongBERT HY Financial-ICS, TR AEEERT 10K k&
XAHITANE, RTAEETREHFIERN ICSs FIEFRIZITH SIC, REER
NAICS 7H £, ERE48.1HECIEREN RS, SHUERERAES
MAFIEEEER 20 MRATTAFIRN, HEREREIT T NAICS,

4.7 HRRSRLY
BATXYIZR Financial-ICS AR =TT E#ITHBER, 25I2ETE
IR L ST, WAL RIRS L2 S 77 B LongBERT f22, BT AFER
#l, BITERIETHEFEMMBIN LS SIT7E T # A LongBERT #1TII%R, HIL,
BABZEHTE RoBERTa T 5| NiXEE415, DS EATH Financial-1CS ZCERHIFZME,
MRA2FATUF H, ETFEBIMRS L SIHRAEHIAE]S SimCSE P
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F4E HETEX Transformer BT RRAGHR

InfoNCE R MIRAR, X7 L] UM RN A ERERXLLESIES, I
BRI D E SN ERAEPREARERNRASESHE . REILRY T
ZIHFEEEN — AN TR ERNIRE T TR, UEAIERER
RIEER, N RHNFERE, BITEMGEXR/NRA 16 FIEE T TR, X
MNEARR 1 EREAXBITHETE, RUNRBRERASKERMTE, EX87 X
RERXANFENEE, MTTEETSS | A LongBERT MATX L2 SIME, T LongBERT
HI5] A\BHE#E 5 T Financial-ICS YRR, 5552 +6+5—H Spearman B2EE T K
TG, Fitk, WAERGEMHE MR A AKER LEFERAKSIERIEES
HIERE,

Hik [l Pearson HUE DAL Spearman  FE F1
SIC NAICS SIC3 NAICS4
RoBERTa 0.4197 0.3367 0.3441 0.6030 0.6730

+ BT RBIRX ELE SRR 0.4194 0.3358 0.3454 0.6082  0.6701
+ ATFEMRAC I LS 8 0.4195 0.3342 0.3428 0.6012  0.6710
+ LongBERT 0.4289 0.4198 0.4194 0.6334  0.7086

¥ 4.2 BT LongBERT K Financial-ICS BYHRISSIE

4.8 BB

FATX Financial-ICS 1T T S EBURMERNLR, BEERRTATRNMEL
EEE. #OERN, ERHERIENRESHE. XHEIMAYERR dropout
5iBE, PAM LongBERT REALEMEB K ETXEKE,

4.8.1 IEMERE

FEBITEE I GIER—F, BETEERN ICSs FEEERRATATRNN
FRUEBEFTIRE, DEMLARBANRRAITAR, Lk, TEIAR
BESNATFTHEE S0 MNETAREAELERE, EXE, RI#HTTER,
PAYRSR Financial-ICS {5 FI R RIAE{CLE BB A HEAR— B9 RZ A,

MFR43FTAEH, BEE =R CUEBIER URBIZFTHEXE ESRRET
NEl. HHELERERIZENGNATEYHEE 20 MNETATN, HMEsEET
T NAICS,

FRENRATATRE IR Pearson

10 0.4550
20 0.4478
50 0.4289

# 4.3 Financial-ICS EBFREHEMEREM ITEIBIR—R M
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B4E ET 3 Transformer BTN 2R ARG
4.8.2 HLAIEKX/)

Financial-ICS SR T NEARALBI XS Eb 22 5T 77 B sk s N d b2 ST R AR AR 1Y
HE, R4ABRNT FERTFERAIE A/ Financial-ICS 3R, £
o, BEFERAXMEESINAERTHR, FERIEMAEBIARNRKTET 4 45
FINEARER, DIARERKINETT, SRR, EHOERNR/N, B
IR AR/NAT AR 4R A Financial-ICS FYRCR, A H#tabEA /MBI 16 /5, 18
FHZE R ERE,

LR/ | I Pearson  H{BIEE 53 %X Spearman B E F1
SIC NAICS SIC3 NAICS4
4 0.4245 0.3989 0.3965 0.6287  0.6995
8 0.4271 0.4138 0.4102 0.6321 0.7056
16 0.4289 0.4198 0.4194 0.6334 0.7086
32 0.4284 0.4238 0.4187 0.6359 0.7081
% 4.4 EBRFEMNHILIEA/F Financial-ICS SR IR

483 BERHE

Financial-ICS T2 10K i & XA HE SR ERI A LUHITRIIT AR
R, F, BAIFZETE LongBERT Y% H EXHRIBR A TR & R4 USRI,
BARR T EXN L SIREFMIE P EA A RNRE A EN RRGRNEMm, 6
FEERERE tokens BIIE, R 2K tokens WL FEHIHMAUKFTE tokens BY
2FFTM, WR4S5F, BRONRIMEVGFITEEF, EH2RBFEIMIARIRE
REME

BRATE JE&Ti Pearson  HI{LLEE 53 21 Spearman 2 F1
SIC NAICS SIC3 NAICS4
0.4155 0.3364 0.3453 0.5843  0.6735
First-last avg. ("&£ /& tokens) 04256 0.4139 0.4084 0.6302 0.7010
First-last avg, 0.4289 0.4198 0.4194 0.6334  0.7086

£ 45 FHRENBREHAZERSXHERIEMY Financial-ICS 3R AR

Global tokens avg.

4.8.4 dropout SR

ATV dropout BT FR= AR EL2 ST FRIIEREAY, F HEXN ELFESIR
RPERERE « RIEERIREAREEMUESRYE, BITTR TERARNERERT
A pyrop TH = XYIGRRER IR, WIRA6FIRATHUR, EF pyr,p =01, 7=1HY
R E,

485 mALTFXKE

FIABERKMN LK E R TE AR B E 0] DO SR B IR,
Eitt, FATX LongBERT M4, HUARIHEENBREEMEN TR K tokens
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$F4EF ET 3 Transformer BT R RS

Parep | JETH Pearson fH{ELE 34 Spearman #iaEd F1
SIC NAICS SIC3 NAICS4

0 0.4206 0.3925 0.3783 0.6239  0.7054
0.05 0.4203 0.3918 0.3924 0.6330 0.7066
0.1 0.4289 0.4198 0.4194 0.6334 0.7086
0.2 0.4254 0.4072 0.3934 0.6316 0.7044
0.3 0.4204 0.4033 0.3997 0.6291 0.7016
0.5 0.4174 0.3683 0.3500 0.5387 0.6383

®4.6 ERETEM p,,, 3 Financial-ICS 3RHIRMW

t | X7 Pearson HH{EUE 2% Spearman B4R [EIH F1
SIC NAICS SIC3 NAICS4
0.01 0.4263 0.3786 0.3741 0.6245 0.6861
0.1 0.4266 0.4145 0.4065 0.6294 0.7072
1 0.4289 0.4198 0.4194 0.6334 0.7086
10 04174 0.4074 0.3924 0.6293  0.7040

xR 4.7 EAFRERGRE « 3 Financial-ICS 3 REIR MG

1T TIRE, DMRFTEREGELEN R K LT XK EX Financial-ICS R HEH,
MFR4SHEIAF H, NHRMNFEN—H, FHEKN ETXKEEFRTFRA
Financial-ICS F9PERE,

Max Length | %1 Pearson HI{EIE 53 %X Spearman ZEEIA F1
SIC NAICS SIC3 NAICS4
512 0.4189 0.3649 0.3408 0.6088 0.6706
4K 0.4218 0.3858 0.3754 0.6211  0.6858
20K 0.4226 0.4078 0.3895 0.6297 0.7013
131K 0.4289 0.4198 0.4194 0.6334 0.7086

7% 4.8 LongBERT gEAEMRA L TIKER Financial-ICS ZUREZ M

4.9 HERESREFHE

LongBERT @I A ER IMERERIEES, BNEMAGEERE
KRN T O(m), X#MEREIER A LB A ERITHITERLH, EX—
T, FAIX LongBERT 7E E L7 8 N ACE K XA KT BRI TR HEHT 755
Ko, BAPELEIREZ 80 GiB B1FMY A100 GPU,

B ST 5 T RoBERTa, Longformer #1 LongBERT 7£ 10K # 5 #J demo %
PR AR RRHEAN R/ N RN , T demo MK E N 23K tokens,
%F RoBERTa 1 Longformer, FAI{EHEE AT SRS 7 B AARBISEAC BRI B KK
B, 935129 512 tokens F1 4096 tokens, MFR4.9FF] IEH], LR/ 1 B,
RoBERTa HUEEIREEHS, XEH FHAEA/NK/INTIIEIEF S FIH GPU By



B4 E HETER Transformer AT LR SIHFR
HITEEREH T8, SAMAERNIKRTET 4 1, RoBERTa IKE| 7 =MERIS
BUAHEEIRE, LongBERT fEHUGEER/NA 1 BRURIL T E G EHE,

R% Longformer 1 LongBERT M+ EE ZE &N O(n), {EZH T LongBERT 7£
HEESIEM RS, HHEEEE R Longformer fY 1.87 &,

Batch Size | RoBERTa Longformer LongBERT
1 2.99 3.03 7.61

4 7.74 3.74 7.49

16 9.83 4.07 -

64 10.37 4.07 -

256 10.73 - -

% 4.9 RoBERTa. Longformer 1 LongBERT 7EREIHE AR A/ N T BRI EE

RIG, BATEEE T HH5ELEE S (full attention) F1 LongBERT FRIIER 7
G A AT E XA RNEERE, NE43F0R, Z2ERIETH o0?)
HNEERE, EFFIKEEL 512N, ENFHERINAR EAEE, Y7
TR 4K B, BIFEE 25 GiB DA L B EHITHEE, 1 LongBERT H
TEEREET on) WNTFEZE, ATUMNEFHEMES], HAFHFERMFS
BIK N SIME MK, L 131K tokens K XAR, RFEE 144 GiB 1Y
SERE, XEEEFUESZH,

—o— Full Attention

25 A —o— LongBERT

204

15

Memory (GiB)

51

4K8K 16K 33K 66K 131K
Sequence Length (Tokens)

B a3 HEMEME2EEM LongBERT W ITERU HIRIERA M5 K BER B PN A7 TR
FE
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$4E HETE Transformer BT 3R RS ST
4.10 Financial-ICS &R

Financial-ICS E&E =18 XWEnH R 7 HAEXN THEMT L ER
GRSCHEE, 1A, BATEREET Financial-ICS HE/R, NE&ERBITEIEER
531,

E4.49, BAIBRT Financial-ICS X HEFT Visa ARRBEIRIRETAFIHY
B, BAVER 10K & HH demo HRAERATE ARINRIE, EREHR, B
—ITRREAAT], HTRERZMAUERFHFFHIERIINETAR. WNE
FAETPAE Y, Financial-ICS BN AT AFEE SHNNER AR EBHRAKN
SIC 4wf5, XK, B LongBERT WIZRIEHEH SIC mBEAREES, H
Financial-ICS 5% RI&ITH ICS X ARIEF X ERHAMTE—EH, XWEER
BT 10K HREFH= RSV EHRT S 2ETEERN ICSs WEEMA. 5FRK
&89 1ICSs A AAYZ, Financial-ICS 8 THEUE 2 ERFITATNIRFEER,
IXE(E BRSNS RPN FITAFRERRHE AR ER RS, FaaT X
EHIERE S B R AT BB AT REEIF RN EEEE E AN RS, i, 3|’
IEERE T —LFISMENR, HPREITATRSEAATHE RN SIC 48,
N ERAD Zendesk Z~Fl. Visa F1 Euronet worldwide 28], BATA X EZHTAH
W Z M SBN. BETEEN ICSs AJREAFS N AR BRI MRNE
ITATIRIGES, MAZDEMNITIEWNRE, &/5, Financial-ICS EHREFH
AR, IRBNFESIAFHATIR 10K kE, BIMNAFZELEH LongBERT
NEREHITHE, FEATINETFTRIE, RAERMEMATEILRGFHIRIE
FIRPEIR], MRFTEEFEELATN 10K &, WABEEFNMATHR
{EME, XME[hHRE TS Financial-ICS 7] DA H LI T L DR ARG E
FrERR R EE,

FEZ, Financial-ICS BRUHIRR T EXKIRITHY ICSs RFERIRI, BIKE]
HRT AT EAEREFNAETTHEXYE, SERRITH ICSs BH A HLERIEES,

411 ZFEBN

HFEAEF, FAHRH T LongBERT, BYFEEBMRERBIMERERS, K
Uk BERNIVGIR T EMATEE REN 0n?) BIKE O(n), X8 LongBERT
RE EERACH 10K REFTEETHER Y, TMXEINE S Transformer Tk
EIEY, FATA]CUEE R AL BRI N B B RO IHEH TEICEH, R
H7 R PHEEIRE ELRIY O(n) B 4<EERY Longformer  1.87 f%, 5, Al
R T NFERIRINLLE ST, AR R D B A R
TR, MEMAAHERNETTHERE FHITHE, NEATEARR

46



FA4E HEHTE Transformer BT AL 92 R GHFEE

TERRMRIERE R LR, NERIIIX LS S IR EIRER = L i
TR, EAIR] AR ZE R AR, WMEETEE K SUA4RT LongBERT AT
b SIHE, Fi1HEH TET LongBERT [ Financial-ICS, FXFEEREHIT T7iF
i, SEIRLERRAA, ET LongBERT W Financial-ICS TEMEEE LT T — &R TR
TEIOEFEIER ICSs, 5 RoBERTa-SimCSE #1 Longformer-SimCSE, 3f B 7E
RNELUERERE TEL T ERIZIHH SIC, YBITELEREREAZS
AEIEIEER 20 MAT AT, HEREEIE T NAICS,
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F4EFE BT E Transformer BT 3R E SR

789019 Microsoft Corp. 7372 Services-Prepackaged Software ~ 1.0000

1660134  Okta, Inc. 7372  Services-Prepackaged Software  0.9622
1463172  Zendesk, 7374  Services-Computer Processing 0.9605

Inc. & Data Preparation \
1447669  Twilio 7372  Services-Prepackaged Software  0.9598 |
1104855  Support.com,Inc. 7374  Services-Computer Processing 0.9594

& Data Preparation

1372612  Box, Inc. 7372  Services-Prepackaged Software  0.9591
1066194  eGain 7372  Services-Prepackaged Software  0.9587

1108524  Salesforce,Inc. 7372  Services-Prepackaged Software ~ 0.9575
1470099 MobileIronInc. 7372  Services-Prepackaged Software ~ 0.9570

CRE— - )

849399 Symantec 7372  Services-Prepackaged Software  0.9567
Corporation
1448056 New Relic 7372  Services-Prepackaged Software  0.9556 {
|
(a) X AT

SIC  SICDescription Cosine

R Similarity
1403161  Visa Inc. 7389  Services-Business Services, NEC  1.0000
1141391  Mastercard Inc. 7389  Services-Business Services, NEC  0.9683
1123360  Global Payments Inc. 7389  Services-Business Services, NEC  0.9590
1029199  Euronet Worldwide 6099  Functions Related To Depository ~ 0.9564
Banking, NEC
1175454 fnleetcor Technologies, 7389  Services-Business Services, NEC  0.9524
C.
| 721683 Total System Services, 7389 Services-Business Services, NEC 09507
| Inc.
| 1144354  Heartland Payment 7389  Services-Business Services, NEC ~ 0.9442
| Systems, Inc.
‘I 1559865  Evertec, Inc. 7374 Services-Computer Pmmg &  0.9423
1 Data Preparation
‘w 1671013  Cardtronics 7389  Services-Business Services, NEC  0.9357
@9 17 PayPal Holdings, Inc. 7389 ServicesBusiness Services, NEC 09321
‘ 1140184  The Western Union 7389  Services-Business Services, NEC  0.9281
F Company -
| .
(b) Visa AH]

8 4.4 Financial-ICS $RBIMFTAR
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FS5E TUDRRGNAREEIT

BE5E TUDERFRIEEED
51 35l

MEGEEEINAMER, FREIE Transformer A BAES EBW
HRIMHAEAERE, BRESHEERFHFLREAN,. AIERNEER
A, RN, FRRAZERETE, HTRABEKEREUFEENRERE, RE
XEBRIN NI R ERR TEUNEER, RSN rRRE, XMEBILERY
HREAERMEE R TIRZ A, FIENHIEE T AMTNERIEREES.

TSRO T, RENTTRRRMEN TR AXREERESE, HT LongBERT &
— T Transformer RMMREZ AR, BETEZANESBE, HMILIEER
ZERM, Eit, BIFENHEHTARBRERNIHT, ¥IAEF X Financial-ICS
LS RIEE, SHAPISS®) 2423230 BIEREE ENBR ARz —
TRETIIMENREEEEER, T UEBBRITEXXAEFE oken XTHEEY
B RENATZEE, SAT, SHAP XN RIERBUH RS, BRIIEALI Kernel SHAP
T—MERITEXRMN A, BAR DIREFHER BERT RFIHNER, BE2FE TR
[ERERH P HKBEBER EAREH, BAHRH T —MXTRIEEEIEIT SHAP ERRY
5%, 33X LongBERT HE{T T Al @Rt 04, DASSEAE X Financial-ICS HI{E
(a

52 HR

AT A R R AT AR (O30 > I T B R B RE S A BT HEIENE
Ei, BHBE LGSR, WEF. SRMERS, MEURmNKNATREEE
EHEEINER, FliN, B4R IR TR H EST 77 RAGRER, &
(B R FH BT DUR AR Y BRIE R, XA DAR I B A4 XS T S 4
B, HEMET RSN NI, SERITET RS BT B A g v
AT EERGHEE, RNEHEP SRR, BEFE 2 EREAN
R BRRIIRE, TR NEE, BRER PR ARFEMRERIES
TEL T B ] SRR e (R L

MARBIF AR RE O] DA AR A R Bk, TTURIBMERE 245 XA
F B RTFNT BB MR T AR ES N R BRI 2R RE, RImEEN
ENEAERERA LTS TREREIEMAER, T2RERN 2T A
MR AT TR, SEENBATL:, HIX, ALURERREERTE
B A R BTG I T RSN RGN B R B SRR,
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FS5E TR RGNTREES T

BREREEEAESETNRN RN £ R, RO IERF AR T E S
FENEEREBMNEE, MEEEENFEEEUTN/GEHRITIIMNIERE,
X EBHI TR

RERFETHNNERE T2REBRER, TUEENEEZNAT
ENRALEE, MEATHNEERA, FERIUTMNEESPERFER, Trans-
former B B4 BRIBSH B REENER Y — HPNFERAVHIHEERL
WO, BTRVEMEREEE, CREGHENRA, FHEmmEES>~
EERE, B4, LIME (Local Interpretable Model-agnostic Explanations )% J&id %
BMAHRITHEREINEER, BETRTEEGREED, REKARERETY
SIE_NERGERNER, FINLEEE, RERERNTMN. BT LIME &
B P REERNNIH S AT X, FHEAFREFHNRIEN, SHAP (SHapley
Additive exPlanations) {E 6% [¥JfE4E3% BT Shapley {8, Shapley H2&1EHEFFIL
RSN, SHAP Wiz OB I AR SRS AL FRTIER, M
XEEHATHREE, SHAP R4t T A IMEREEENER, B E MHENE
S5 EXN BT NERNZ R HSCEGRER, MR TR S EARHE
ERENTNEREESIRANGA L, KRENMHENRAERNTR,

5.3 RIFEZIM SHAP 5%

SHAP 752 BBV EREE A EZ —, BB Kernel SHAP 2
BEIFERH, RIEE AR T LongBERT BYTRMIAT At T Al Rt 04, AT,
EATNERRY LongBERT B —NRIAEAEEY, i Kernel SHAP FHE —MEEIBEZERY
FRBEE, SBENTIRE, FHit, BRAINRH TIEATRIEHEIEA SHAP f#
Bk,

97 %t Financial-ICS HHYRIEEEA] LongBERT RIFMIT B THERE, FAJ
TEXNHESANHITIRE, FH2HARFE tokens FEZITRM IR A, BRALELHE 10K
BETH—EHrXRERELRR “. LN ANNS, BT SHAP BBk
S5RMABRENRRE, BIOBHT RN, BEYMNEFEB@AFRLIE
BARBBT 2 M RIRIZAECE RN, FHEEBESE] 0-1 ZERY, MRTE]AF]
Fl SHAP X RAEBELEITRI BB, (RMINFIERIEMBRIRZELUE
B, MEREE#IER tokens X HIIE & ERNFMRE N, HEHRARWT:

s = pairwise_sim(h, hy)/t
P 0 G.1)

p = sigmoid(s)
H hy € R KBRRNBNEITIRGN BRI L WRITAE, h RRXEAM
THBNERAFENRTEAR, « AREBE, BIAELERPEHLREN 1, RE
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BSE TS ERGATRELE DT
s 238 sigmoid REUSEIBEE p, EHTEEMEE] 0-1 Z A, MM ET
55 DIEREF SHAP BETACE, @i XSS 1T IR BEEE p HIEMN,
BATA] PLAHWTE token Xt AT TRERAZ BL,

54 RB55H

B 16 FIE A TRAEEERY SHAP fER 7B/ /G 8 LongBERT #4T T
AIFRBRME AT, 5. BR TIRES R AR NVIDIA A RIA 10K iz & l#H T
RRNER, EFHBRT 10K & RIS AR, TAMER RGN LR
[ tokens, SR EEHRTE S FIRZAARY tokenso MEIFERATET CAMIEZZ, 2 “Apple”. “IOS”
1 “macOS” %¥ tokens XIERAH 10K IREHRBI TN E R EFHERIE M
M, THXTF NVIDIA 27, ZELIF “NVIDIA”, “GPU” 1 “AI” %¥ tokens X5
BRI 4 T B E R IERFEM, EiEX LongBERT #ATRI BRI, Al
A PAT A token XERABITIMAI TI8R, XA Financial-ICS #RR{TATIHRET
XF, BE THAFPXNRENEE, FAHTESUSENEEE AP REER
%o

5.5 ZE/NGE

FEARZER, BAHRE T —MX RIEBEEIT SHAP RN %, RITEH
“0 BRARBSRAWE AT, ENMERIRIEREEANRREME ZE
FIRZARLUE R, REBEHN tokens WHIHBFRIEE, H, BR/NIHEM
BB N tokens M BEBHMRAOEM, HTF Kernel SHAP HE—1
IR EE R 2RI ERE, RODEDGARUE > EERETE] 0-1 ZHKRIEE SHAP,
FATFIFIX—7A X LongBERT BAGHIT 7RI RN T, DAT#E 10K &5
AFEA token MHHFITREER, MMTEFFH X Financial-ICS FIEHE,
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FB5E TASRRGHAIERELES T

The Company designs, manufactures and markets mobile
communication and media devices and personal computers

, and sells a variety of related software, services, accessories
and third-party digital content and applications. The Company
s products and services include iPhone®, iPad®, Mac®,
APpIe Watch®, AirPods®, Apple TV®, HomePod™, a portfolio
of consumer and professional software applications, iOS,
macOS®, watchOS® and tvOS™ operating systems, iCloud
®, Apple Pay® and a variety of other accessory, service

and support offerings. The Company sells and delivers digital
content and applications through the iTunes Store®, App
Store®, Mac App Store, TV App Store, Book Store and Apple
Music® (collectively ““Digital Content and Services””). The
Company sells its products worldwide through its retail stores
, online stores and direct sales force, as well as through
third-party cellular network carriers, wholesalers, retailers
and resellers. In addition, the Company sells a variety of
third-party Apple-compatible products, including application
software and various accessories, through its retail and online
stores. The Company sells to consumers, small and mid-
sized businesses and education, enterprise and government
customers. The Company"’s fiscal glear is the 52- or 53-week
period that ends on the last Saturday of September. The
Company is a California corporation established in 1977.

(a) ERRT)

Starting with a focus on PC graphics, NVIDIA invented the
graphics processing unit, or GPU, to solve some of the most
complex problems in computer science. We have extended
our focus in recent years to the revolutionary field of artificial
intelligence, or Al. Fueled by the sustained demand for better
3D graphics and the scale of the gaming market, NVIDIA

has evolved the GPU into a computer brain at the intersection
of virtual reality, or VR, high performance computing, or

HPC, and Al.

The GPU was initially used to simulate human imagination

, enabling the virtual worlds of video games and films. Today
, it also simulates human intelligence, enabling a deeper
understanding of the physical world. Its parallel processing
capabilities, supported by up to thousands of computing
cores, are essential to running deep learning algorithms.
This form of Al, in which software writes itself by learning
from data, can serve as the brain of computers, robots and
self-driving cars that can perceive and understand the world
. GPU-powered deep learning continues to be adopted by
thousands of enterprises to deliver services and features
that would have been impossible with traditional coding.

(b) NVIDIA A ]

5.1 LongBERT X 10K #fi i FIME il AR 7 B SR
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FeE HES5RYE

6.1 ARHKREL

AR T Financial-ICS, —M#RETHEERN ICS, KRHRZET Long-
BERT AR, A] DAEEALEEEIT 100K tokens [ 10K &K 30A, A4 RE
ENTIEFFEN SR BRI, 58 Transformer 38 AXRIE S T#RE S, Financial-
ICS = HE e T YR eHNE T BN ICS, TNIC, 7EERIAME
IER{ET, Financial-ICS @il T 451 ZEMANERIZITH SIC, HFTEHE
PIEBRERAZSMAEITHEER 20 MNRITATIR, HEEREE TRAHNE
I ICS Z—, NAICS, AR EETIRI T,

B9, BN TN B R EVIZEIREX Financial-ICS R RRIEERY
AT, BIMEAAT 10K REENBIESR, MEKESIANEAREEEE. 5
PENATFRIEZSIMATRN R, BRIENNE2EENRIEFE S BIATKHA
FNSRITAT L2 SIRORTER, FYIERG58 T AU & USSR ERE /T,
XS Eb 2 SIRA AR Sh B MR 7 B84 R XA RAE R E M B R I 8], A
FEBRENXXHERIE, BIMBRT FA 8 EEYIZMEZRN 2 Transformer 3R
MIFEED#TIS SR, E35: RoBERTa. Longformer 1 LongBERT, #4553
RIPEINE TR RRIENSHRERE, BETXERMENET
FER ICSs BRI ILT TNIC,

B, BAIDBZHIFIFRT LongBERT, BEREEBMRER IR ER
71, BEEERANHTENNESZEM 0@?) K= O(n). LongBERT HAJ A
Ab3E 131K tokens FHSCA, BIR] AE#EX 10K R EHHRE HRERESOEE#TAL
B, FHEENMB LT SOEBRE, HPBAUSGERARNRIY R TIESHRE
BANREEZE, HEL5IALBERS, TIT o) NKEKHESIHRIE
BRIRKE, HT LongBERT HIEEANKIMMEE R, BATA AEBhHIA S
IR EBITEMEU, FREAELGRE THHEREE LN AMANEERERDY
O(n) B9 Longformer®1 4 1.87 {%, 114, LongBERT #MBHRBHILR tokens Y%
HURAFREEHE X CUDA AZHLAT DAERSLIR B R VLI, #5%RE
HEAEMRBHNAHEREYE, 7N TFEMEAEHRF. LongBERT HEII &
Transformer FIREXISINTHRRA, FHEITH T HEBLBNSAIEAKEN
RR i,

E=, BANEH TWERARN EES A8, ATFERAEER T Long-
BERT, RERFF LongBERT BT BERNINGINAFEEREE 0(n), BEJ
RIS EEIT 20K tokens I K XA MEERENANT, XEBXHLESIHAE
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FeE HSE5RE

AR EIEREER, EESBIIGRBNER. AT BRXEE, Hig
HT R LLIRA R, BPET RN LhFESIHK, N EHITAFERE
FERRA, FEix 3 RSB RO EREARN R R, AORAREARXTRIEER
BT, BT RN LS IREMN RN AREBRENLES, B—HEREKX
BEMNEREE, mMaEANFEEITE, XN 2SN ER 2 TER
F B A DA ERE N EAARA AR E RS E SR MNIER. #E, BN
HEHTTAENEESENRA. RMORNEFNOBEFEANTEMNNER
TREEMNHE, MREHEMNERNTIRBERHE LT XF#TIHHE, RIENR
BANERBHRITEE, Fit, EEFHERET, TUER—HRPIIAE
ZHITREAR, MTTRESS M A K SCASRT LongBERT 70 b2 SIRE, B RA
Xf i, BITHESOSHNRIEE IR TR R,

B, RIMEHT =ZANEREER, FTFX Financial-ICS KM REHITIEAL,
BEEENUATAHAS: $—, #HAKRTEIER Financial-ICS FEIRFITATIRNET
FESMEBTIE; 2, FIAKSATEMN SIC 43551 NAICS 4wf3*} Financial-ICS
KB RIT AT S TR ICSs FRTIESEH—BERITIG, 8=, &
BB S E5 5T LongBERT A BRHRIEHITL KB B EIL, IPMAEHEAERDY
RIEFR, ST HRB DN EFTEER ICSs TR, TRINT/EAX
R EIESIREEB RN E T E BN 1CSs iR, SOvHBHELR,

BJE, BAIFR T ET LongBERT Y Financial-ICS, X2 =/MEiRHRI
RHENETEIRN ICS, JHHMRERES T4 ZERNERIRITR ICS,
SIC, MSELIERERAZSMNATFYEE 20 NMRTARN, HEEEET
FRIZIHY NAICS, t45h, BITHRH T RIETE SHAP BRES, BN
ANF A tokens HEITINF, FHUERIRNAEEEE BAISOERIEZ FIRIRTZME
BUERD, P E BRI R 2R, FATTX Financial-ICS AFRIRAEARE
LongBERT #17 T RIf@REM 47, AT BREIETMNEEH B token HITIRATE
B, XA U A PR E 2 0E BRI B TR, BRATIRITRY Financial-ICS &
RSURRIH AR TR 4 T B S E T BRI ICS, 7] AtRIE AR EIZ
FrERMIEITAT. AP, Financial-ICS B BUAIRBIMEITARHREEUE 8
FHITHR, XEELNNAGEFIEEEH, REVARFTELRESELRTR
I AT RBE LR E/ENXR, F7FH, Financial-ICS A] AMRIESFTHY 10K
WEHATHREMENENR, XERRBLRIZIHA ICSs TEMEIR,
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FeH RESRE

6.2 RBRME5RE

AR THE T HER Transformer N H TETEER ICS BAAES,
I E BEIGESR. EE S LongBERT &3, NEMRIMAKX ELES TS
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