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Abstract

With the wide spread of the Internet, nowadays, many people make reservation
for accommodation at hotels via websites. Furthermore, on many online hotel
reservation websites, users can post reviews about a hotel at which they stayed
and hotels can reply to those user reviews. It is important for hotels to reply
to user reviews in order to protect their brand image and enhance customer’s
satisfaction. However, replying to a large number of reviews requires vast time
and resources, and replying to negative reviews can impose a substantial mental
burden on a hotel staff. Therefore, it is required to develop a system that can
automatically generate replies to hotel reviews.

Most previous studies on automatically generating replies to reviews focus on
reviews about applications(software) and products, while generation of replies to
hotel reviews has not been investigated much. In addition, previous studies do
not pay attention to generation of replies that comprehensively address multiple
aspects in reviews. Here “aspect” of a hotel refers to an element of a hotel such as
“room”; “bath”, “staft” and other facilities, functions, and services, which is often
evaluated in a review. If a user expresses dissatisfaction with multiple aspects but
a hotel addresses only a few aspects or no aspect in a reply, the user may feel that
the reply is insincere and get a negative impression on the hotel.

This study aims to generate appropriate replies to low-rated hotel reviews. Es-
pecially, the following two characteristics are heavily considered. First, when a
user expresses dissatisfaction with multiple aspects of a hotel, the generated reply
should address all these aspects. Second, generated replies should be diverse, not
consist of only generic sentences in other words. Here, a generic sentence is defined
as a sentence that only conveys general meaning and can be used in many reviews,
such as “thank you.” and “we are looking forward to your next visit.” We aim to
generate not generic sentences but specific sentences that are highly coherent with
user’s complaints.

The procedures of the proposed method are as follows. First, a hotel review is
divided into individual sentences. Next, “complaint classification model” judges
whether each sentence is a complaint, and sentences not identified as complaints are
excluded. Then, the remaining complaint sentences are fed into “reply generation
model” to generate a reply to each of the input sentences. Finally, the reply
sentences generated for all complaint sentences are concatenated to produce the
final reply to the review.

The complaint classification model is trained using Bidirectional Encoder Rep-
resentations from Transformers(BERT). Reviews that consist of a single sentence
and are labeled as a complaint are extracted from the Rakuten Travel dataset as
positive samples, while the same number of single-sentence reviews without com-



plaint labels are randomly chosen as negative samples. These samples are used as
the training data for fine-tuning of BERT.

The reply generation model is trained by fine-tuning the Bidirectional Auto-
Regressive Transformer (BART), which is a sequence-to-sequence model. As the
training data, pairs of user reviews and their corresponding replies written by
hotels are obtained from the Rakuten Travel dataset. To improve the quality of the
training data, two filtering methods are employed. The first filtering is to remove
replies that do not address aspects in user reviews. Only pairs of a review and a
reply where both contain the same aspect word are kept, while others are removed.
This ensures that the reply generation model can produce replies that address the
aspects appeared in the review. The aspect words of hotels are extracted from the
user reviews in the training data in advance. TF-IDF scores of all words in all
reviews are calculated, and the average of the top 1000 TF-IDF scores is used as
the score of each word. The top 500 words ranked by this score are chosen as the
aspect words.

The second filtering is to remove generic sentences from the training data. This
process is expected to prevent the reply generation model from generating stereo-
typed replies. The detailed procedures of this filtering are as follows. Replies of
hotels in the training data are divided into individual sentences, and a generic
score is calculated for each sentence. This score is derived from the average of the
frequency of all word tri-grams in the sentence, where the frequency is the number
of occurrence of the word tri-gram in the training data. The top 30% sentences
with the highest generic score are considered as generic and are removed from the
training data.

In the last step of concatenation of replies to individual review sentences, du-
plicate replies are excluded. The similarity between the generated reply sentences
is measured using a normalized edit distance. If this value is 0.1 or lower, the
reply sentence that appears later in the original review is retained, and the other
sentence is discarded. However, replies containing aspect words are always kept.
After this procedure, the remaining reply sentences are concatenated in the same
order as in the original review to form the final reply.

Several experiments were carried out to evaluate each of the complaint classifi-
cation model and the reply generation model. To evaluate the complaint classifi-
cation model, the model was applied for the classification of whether each review
in the test data was a complaint, and the accuracy, precision, recall, and F1-
score were measured. The best results were obtained when the number of training
epochs was set to one, yielding 0.8877 accuracy, 0.8718 precision, 0.9091 recall, and
0.8901 Fl-score. These results indicated that the performance of the complaint
classification model was sufficiently high.



In the evaluation of the reply generation model, we compared several methods,
such as methods with and without two filtering methods, and methods that gener-
ated replies to individual sentences and concatenated them or generated one reply
to an entire review. A model fine-tuned from the training data without our filter-
ing methods was used as a baseline. First, an automatic evaluation was conducted.
The quality of the generated replies was assessed by BLEU-4 and DISTINCT-4.
The BLEU-4 score of the baseline was higher than that of the proposed methods.
The baseline tended to generate generic sentences, but the reference replies in the
dataset also contained many generic sentences. Thus, many word n-grams were
overlapped in the generated reply and reference, causing the BLUE-4 score to be-
come high. Besides, the DISTINCT-4 score of the proposed method with filtering
was higher than that of the baseline, indicating that our filtering methods were
effective to suppress generation of generic sentences. Next, we conducted a human
evaluation. Seven subjects rated the fluency, non-redundancy, overall quality, and
aspect coverage rate (proportion of aspects appearing in reviews that are addressed
in replies) of the generated replies. The results showed that the proposed method,
which filtered out replies not addressing aspects, had a higher aspect coverage
rate compared to the baseline, but its fluency and non-redundancy were worse. It
indicates there is a trade-off between the aspect coverage rate and the fluency /non-
redundancy. Filtering of generic sentences improved the non-redundancy, as well
as the fluency and the overall quality. It means that the generation of stereotyped
expressions is suppressed. In addition, for reviews containing multiple aspects,
the technique to generate replies to not an entire review but individual sentences
could improve both the aspect coverage rate and the overall quality, showing its
effectiveness.
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hedXepr7n2ry bnb—2REls s e TRESTS. 374205, 8
L7 Z2EfERST 52T, WHEEETAZEET 5. SR [12] TIEXX DR

ABCDE
ERSY!
Bidirectional |:> Autoregressive
. Encoder Decoder

FFFff FEEft
A _B_E <s>ABCD

X 2.1: BART OHERFEE (O [12] K D 51H)

HFe LT, K220 k9512, H—0HFERZ~ X273 5 Token Masking, b—27 > %
W D2 HIBRS % Token Deletion, X DJEF % A+ X % Sentence Permutation,
BRHEGES R — b — 27 VT~ A2 F % Text Infilling, 7 > & LMTFEATZHZED
—FPIDIZH 5 X 5 ITXEZ[A§E X % Document Rotation D 5 D DFENTER
INTVW3S.

BART D7 7 4 ¥F 2 —=>21%, BERT L[AFkIC, FFEDXRZIZRT %€
TNLADOMWRER M LI 272012, 7N TF— X4t & AR DX D2
LB T—REHWT, FHFEEADETILDNRT X — R T 2 %15
3. BIRIE, XESEHX A% BART TGS, 7HLEVWKERZZYa—X



(Ac. E.) (DE.ABC.) (c.DE.AB)
Token Masking  Sentence Permutation Document Rotation

iyt
(A.c.e. )y (aBc.DE.) <1 (A_.D_E.)

Token Deletion Text Infilling

X 2.2: BART OHFIFEH BT % XOBHEFTE TR [12] & b 51H)

DANTeTa—xoMhe LTEX, BREON—27 D7 a—XIZBIT2HDA
AN, Y SR T A8 SR BART IZ27%1F, BART &#6
WCRRTE DR DRI X X 2T 5. XEENX R 2RLGEE, BRNRD
XEZrTYa—XDANe L, 2T 2ENZ T a—203H T2 X5I12E
TIDNRTIAREFEHTE T, BFHLLZET V2% E T 5.

2.2 TEAMRLE31—ICNT 2REEMICEAT S5
Kew & Volk %, > 74 ¥ EOWEAMKL ¥ 2 —ADEFEET M &L 2iRE4E
KEENZM EXE2 2 2HMNE LT, SEETADPMET T —2% 7 4
ARY YT BFEERBRLZ(10. LE 2—LREOH, SR EF— Xty b
POREBERETNVEFETDL, Z2LOLE 2N LTHWLRZHNR
R Z GOREIER IR TV E WS IS 2728, FlffT — 2281
ZREONAMDO R a7 2EH L, 20X a7 3HEM FEOREZR T — & H
SR LTz, ZoFRIE, TR — 2 CHEBICHE I N —BINRER, 7
MZAR TRHRWVIRERZYE XY, X ERNRRELZERT 28N E2RKTEE 5]
LW R EEDONT WS,

Kew 5%, 320D 7 4 V&) Y IFFEZREBLTWS. 1 DHIGGEEMEE ZFH
3 57715 (Lex. freq.) T, IBfE7T F A I % Bag of Words & U T {wy,ws, ..., wy, } &
EZL, AN THIBEEZ S, BERNREREZEZ TVWRVWEEZEZILNLH
BRI 5. BRPRETE G ERER (2.1), 2.2) 0D TH 3.

ZZLL(W)

Slem,f'req - T (21)

L(w;) = {1 if count(w;, T) >t (2.2)

0 otherwise

ZZT, T T —2ADREDESR, count(w;, T) X7 — X DL TDIR(E
BT 2 HEEw, ORBBEETHZ. 7—Xty FEKICBY 2 HBEBHES K Z W
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(BAfE ¢t LALE D) HEEDZ S IS 2 X5 7RIR1EIE, R3AT Sy preq BRI 72 5. 2
DHOFEEIXL NNV TREDO— R ZHIET 5 J77% (Sent. avg.) TH 5. MHRED
BVERETADPSERINGBEEFED TN TE B T—LG L, &
BRENZENSDXHID T —L b & OREERINCEM L TS 025553 5. G
BHRAERX (2.3), (24) 117,

£(s) = Iggg(COS(S 9) (2.3)
sent avg — Z§ (24)

3 DHIEX D perplexity ZF|HF % /1% (LM PPL) TH 5. XEL L TREFED—
ez 2371 273 572912, Causal Language Model(CLM) Z{HH L, &K
{ED perplexity ZETH 3 5. ST 5 —RINREIXEIMER RV, FFENK
DEVIRIE 2 IEAHRANIZ, CLM O perplexity 13K < 72 5. FEERTIE, FXA I
EOLETCTI 74 v Fa—=r7ENT GPT-2[17] ZH W T perplexity ZH M LT
W3, F72, ZANR) YT LT =R ORBERET NVEE T 5 R5IEH
E7L2 LT, BART[12] ZHRH L TW53.

FHMEEBROMER, 3 O2D0FEDETIZOWVWT, 374LX Y VI NTF—&
Ty FTEEINZET M, 740X 7B TIIT—X Yy bR THEEX
NIeR—=RF 4 VET AR THRED M LU, FEFEEORE L ERE N RE
ZHE L7z CheF X PV Z R, X=X 54 V3047 THZDIINL, Lex.freq.
1%33.6, Set.avg. ¥ 32.53, LM PPLI¥32.63 &7%bh, WIhdpR—R74 %k
[572. TTOLE 2—REZHELZ CirF I2BWTdH, N—2 T4 VA3 15.87
THBDIZXFL, Lex.freq., Set.avg., LM PPLIZZHQZ4120.63, 20.2, 21.0 &
7% o7z, Self-BLEU Z{5#E & L72RIEDZRRIEDFMCIE, LM PPL2 R b E L,
Self-BLEU (% 4.24 & 72 o773, ZHTH GOLD(EFEDIK(E) D 1.18 1213 KX
Moz, IBEDORIEIR—ZATA4 UH35.91 eHRBEL, NWHNBRXIRZ W &2
otz Lexfreq DFETHEE INTETADERT ZREDEEXEIEZD -
EHEL, 23T IHERICK o 7.

g & AR, RNN(Recurrent Neural Network) (255 < Encoder-Decoder &
TUEHWT, 2= DL a—»2 0 RREY BEIEKRT 2 AT 02K L
7220, %7, 2—VFMLREOET VoL 2 —FERBEMNT 2 Z LT,
RIEDHE A EXE 2 HEICOWTHMET L7z, 346 T EDL B 2 —2iR(E
DRTDBHIEDZERFINNVDT =R 2 HOWIifHEER 21T o7z, L a5k
ZMZ T T VIIEHEDE T IICHANT, BEDIEMRRE BLEU X 2 7 h3HzH
EFrze 2R L. 2K, 22—Vl L BKEDOR I BIREERET IV
DREEM EICHFEST 522 %2mL. Lal, EELZET VIV ITRSEAN
R OLIZIZELTES T, é%té&ﬁ#nﬁf@éz% ANPGRS



23 77V -BmlLEa—IINT 2 REEMKICEET SH

g

Gao B, 7F7VRA M 7D —FL L a— 12T 2REZHBERT 2 RTF
LTH% RRGen 2R L7z [8]. RRGen lE, LE 2 — 2 REORTTI7 74 ¥
Fa—=r 7 L7=EAN RNN @ Encoder-Decoder EFMIZ, 7V DAh T3
V), LEa2—0DREZ, 22—, > F XD 40D a2—FKFOREHE
attention BEFEIC X DAHARAATZE DD THS. ZNHDL Y 2 — DR ZHAAT
YT, HERIA-FDORFERL L2 —HNOFER Iy 7E2EZIONS XD ITHk
D, WYIRREEERT 2N TESL X515, HlZZ, 1 DEiHPEXXD
LY a—TlX, 5 ORISR LaxX s &b ETFANHMIEERTREREK
L3 %%. RRGen EFMZ, 279,792 DL L a— LIREDRTDF— &t v
FCEEEIN. FHMEEETIE BLUE4 X a 7120 BEEHi L, SRIEDTFE
&, LEa—toBEM, EMXOAFHEOm T TbI. ZDHER, RRGen
ERN—2 74 YETLERIBICERZ Z e HERIN. FHICBLUE4 2a 7T
X, R=ZAF7A4 VETAN21.61 THZ2DIZHL, RRGen £ 36.17 THbDH, ZD
231456 RA Y v ThHotz. IBBFIETETNVIHARAAE 4DODLE2—D
Rz oOWT, ZDO%1E % Ablation Test I X DFRFEL, ZDETHETILDMERE
EEICHNT 2 28, 2 TORBEMAAALETADPREDOEE EiF/l-2
ZRLU7z. AFFHEITdH, GOLD Td 2 NAFAFKE DIREHS—MINEE F 703,
RRGen l3R—2 74 Y EFNL LD R TOIMEEETEWRa 72 H L, FHIR
OB DR TRWEREZR L 72

Zhao 1%, BFREIEIOT 7Y M 74 —LIZBIF 322 —H L Ea— DXL %E
HENML3 27 e —F 23R L7z [19]. N— XX Sequence-to-Sequence (Seq2Seq)
DEEFEHETNVTHD, Z ZIT gated multi-attention X 71 =X L & copy X /=
A L% U TR ERZ I D AL A ZIER L. gated multi-attention X 77 =
AL, ETUVDPHIIOEHELERT ABICANTF R M DORRDETITHER
(attention) #M¥ T2 Z L ZA[REICT 5. ZDHE, ETFTMELE 2 —DHNRE L
E DB DOFEM DM /712 attention %4 T, AR N2 IREH R Z B KIRLT
X5 L9175, copy AAM=RALX, ETNADBANTF R Mo HINCEZERGE
Zav¥—35ZexAREICL, FFEOHBLPLEMAE, 2 —YoLr L a—[Efs
DRFEZIRBICEDDLGEICIREFKET 5.

FHfSEBRDAER, IRRETIUILETOBHRHMGOFHEREICB N TR—F 1 &~
Z Ellb, ZRECHENRERENRT 2 2 2R L. FiZ, ROUGE-L, BLEU,
S O Distinct-2 D A2 a 7%, B EHRZFIH L7 Copynet DIRIRE T L & HHE L
T, KiEicm L. £, AHEICX25HEClE, 5 AOWERE DS, BIEAIER
NZ100DLE 2= L, BRBZETIMICE > TERINZRERZFHME L. #
BREIGREEZ 025 2DRETREL, 01 3L Y 2 — ICEBERE-IERE TRV,
LIXBEEE D 2 D3+ Gl e, 2 1XBEN D D o+l ERo, L
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2. BERETFNZ, 2 LFHBZNREOEIERRDEL, RIEORKFEN L L a—
CEEEMDH D, o+ REREEDLEVWIEKRTERTHD Z R LR &
Ak, BEEHREFIH L7z Copynet ET L2 E0LMOET L EZRKEZL EE->TEH
b, NEDOHED» S BEHANREEZRLTWS. /2, AMEPERL 2R
BIMKARE LTET AR EAloTWa 23, EHE2THD, ETLOHENGVWI &
EHEREL TV,

24 TFIVr—2a L Ea—ER¥ELEI—DER
ICR 9 AT

Kew 513, fREJE L EIAMRICHT2L 2 — (BEREL L2 ) \DEEEH
BIERT 2 AT LDMREE EEFE L2 9], Gao HIZL->THREINT S
Vr—2a Yy a—ADREZAEMT 5 seq2seq ET IV 8] &, HEHKL L a—
WX BIREOHBAEBICEHA L. COEFAUEIT TV r—ar L Pa—0DiR
BAERIZBWT—EDRIZIND T W=D, HEEDDFICHHAT 2287 5 —
TUAMWKIBIZIE R L, ZOES B 7TV r—arylPa— b BEEHEL Y a—
DEWIZDOWT, FIEIETF A FDECFFEDOEAECHEICERZYTTVWED
WL, BEFEXTFAMDPELLEMT, Y-V R, I, BRI YEERICHE
S 284 ZHAICOWTER U AP RSN e 5 L. 2L T, BEXD
EBICBII AL 2 —DREOHEERIZIDEL WA R THZ LIBER, 21
T 2MBORERERHL TV 5.

2.5 AFHHRDEE

LB a— g 2REBAERDLITIINE, 77V r—ar L a—LlihL
Va—%WNRe LEWENZ L, EHERL E 2 — 0B TOREEMICET S
DDV, Fie, 24HITHIBNRNZES1C, 7SV r—aryL ¥ a—THY
LEFERPHWTS, ZAZHEIAMRL L2 —I1EHT 2 & KIEIC 7 +—< >
APMMERT 2 Z e bfEfInTn3.

FRUTHZ, FATHRTIEZ—F L B 2 —I12 BT 2850 -t 5 o a1 2ot
LT, ZOETEMEINCERT2REEERT 2 Z IFBEEIR TR, Kif
22Tk, BIHEHROETHMEL E 2 — 1220V T2 —FORHOLTICERT S
EHEBEEEZR, ThEERTLIHEZHERET L. %72, Kew & Volk OFi% [10)
2SEIC, D ED ORWRBEOAER IS 2 Z 2 I1I2HED .

F 72, AWFUILATHFE X B D, BOBIC X 2 2 —F DEIHMERICTT 2
M7 Y, LB a—DIANOERZRH LW, —fkic, FIARRERERIZL E 2 —
P4 MTEkoTERZED, IBEFERILL2—DARZANE TS0, YOLS
BYA PDLE 2= LTHREZHEEKTE 2 WSFEND 5.
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F£35 RBREF;

3.1 HE

REFEOMELZX 31T, 3, AREXERE LT, LE2—%2XH
HF 2., XK, HEHEEFTALEZHWT, Hi2OXBHEIrELZHEL, &5
CHEINR DD -7 HIBRT 5. SHEZEODEIINIZLE 2 =3I L, &
BAEKETVEROCTEBMKDREEERT 5. mEI, ERINREE
ME LT, REINZRERERT 5.

DR, XHENCBE LT 328, WHEHETS T VOFEEFIEICEE L T 3.3 f,
BRIEARET VDG HFEICHE L TIE 348, AR OMENFICE L ClX 3.5 i
T, ZNTNFEMEIRNS.

LB 22— L TCGRIBZAERT 2ETHRDZ X, L a—%2A], RIEZH
71¥ 3 % End-to-End ORINEHLE T N2 EH T 2D L, AT, £33 L
Pa—%2XiZa#HlL, 223 LREZAKRT 2. ZOHWELE 2 —
TEMNMENTVAEBOBEMHICH L TIRNABRRETS 2 Z81H 5. FLLIE3.2
TR 3.

RIEERET NS NICEHEBHEETNLOEBIIIERT—REy b [14 18
FEERFITRILDT =X (LR, BRIV TF—&RtEy b EER) ZHV5.
[ — &ty MEIEIHAMRICHT 22 —F L a— & ZHUSHS 218 MR DR
Brat. ¥/, 2—PLba—12Z B - EHH EE RO IR E
INTWS. T—&tEy bDFFICOWVWTIX 4.1 Hi TR 3S.

X 3.1: e RFEDOME

3.2 X7E

LEa—2kE AN LTOREBEENRT 2L, BROEBEELL L 2 —I1Tx
LT, ZORTHEMINZVAREEEDREWEEZbNS. FD0, HEOD
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JEBHIEERZDI X TERINTVREIREL, ¥V 2 —%2XIHEILI%, %
NZENDOX D SEMHICNT 2ENZELRELERT . 2Tk, LEa—
NOEE DB 1) o U TREINSGRIET 2 Z e 2HS.
XHAGRIERAEKT 5 2 & ORISR Z B4R FI 225 T3 5. K 3.1 138K
PO ARHEIRRTWS L Ea—r, ZOLEa—2KE2 AL LT, 34Tk’
T2 HETER LRI EHET LV TCRERXR N LEFATHS. LE 2—TI3,
MEE oK) TEEDOIRERET D2 ODEHICOWTAREIBRN S TWS D,
L a—2KE AN 3T 2E7ICLZRETIE, 220HOHREDEE DA
DWTLDOERINTOVRWL,

# 3.1 BROBENMICER T2 LY 2— HEAER L 2REDH]
LEa2— R1E

R 5300 A3, BEE DK HHE
Dolz, FlBEEOHKIHDED
BREHBELTLOLHEY > THLR
XLET Iva—y)] 20w THR

BEEOHSREOEFICOEFE LTI
REZCRZZBEHIRLE L, B
RIERZFRAKRLET, /DT
FREZOLDEDBREBHL EFTEBD

% DT, HEROWIITIZR o7z, £

FULE2—2XICRE L, ZRZADXhHREEAEML 6% 3.2 1R
T.ITREBOKEZT) ¢ TRBOBRSHE) XZhZN1HZHL 2BHOLTE N
NTEY, fHrOUIHNT BRETEZENAZNDOBEEDONHICOVWTHIEEL T
5. ZDOXIIZ, LEa2—%2XIZHEL, Zh2noXh oMiNGRIEZAERT
5Z2T, ECOREEPERINIAREEEZED LI ENTES.

# 3.2 XHrEI 2 RIED BEIAERDH
XIZHEX RV 2 — R1E

BR300 A3, BEEDKIZIPE | BEEDOKITINE,LoT-DI
Do 7z, T, REHLRZZWERATL,
SHBIDE B ephnwks, iE
fRAZYy ZICHEEL T2 £T, %
72O ZHHEBRELEHREL EFTED
£,

BREEDTSTREDOEIZO X E LTI,
KEHLIRCSWELRATLE, &
Bk hzIrDhnwkS, AR
EFHMELTSYET, 220 ZFH
ZODEDBREHLLETTED £53,

FBEBDHKHEOENEREH
LChHlY s ThHREREFT
lPa—] Vo TYNBDT,
ARDHFIT T - 7=,

XAENE, AjEE Ty T Tty 2y 0y 12 owdFhihe LT, AJET
XEXYZZ eI YIRS 3, =20, AEagaREl( T T ) oFciFES %
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BRI EXY 25 LTHELRW, £33 1L 2—flTtdhh, £3413F
£33DL VL 2—%2XHELbDTHS. FENOFICH 2058 LT, sy
W& T2 23, sy 12 1o 23, ZNENFETS. L, 206 38EIND
HIZEFEL TWA 72, X2RXY5E5 e LTEIAAHEL TWRWL.

# 3.3 LE 2
REEOUTICLTA2DICI0RICF zv 7277 bOEMEN &2, LA
FKREETTFHLTWRIZbr0boT, EFETIFHNTTIR?) &7
oY MIEK. 77 VR RTEIVES o THID TR E#th R 1=,
[FAFHATLE, RAILLET, ) I3 QICEMmEUAS T 5, 12
FTWoL D LEI L BonK bbb kol

34 £33DLE2—DnE
D Lt a—X
51 | 12FFOUTICLTADICI0RICF 2w 77U b DEFEEDE 72,
So | LOBBRBEHTTHLTWBIZA20b5T, B TIFHT
T X7 7y MIER.
s3 | 7 VERTIIEZVEZToTHIDH TR E# DD 7=,
sq | TTAFEHATLE, KALLET ) &3 QICEHZUIAS T 5,
s5 | RIRETWoLK DL LS oo hBbbL Ko,

3.3 BIHEHE

AR TIEEBICNT2REEERT S 22 EL28ME LTWE D, &
BEEERWXED LN LDHIRT 2. ZhiE, &2 LTREEERRTWS
LEa2—DHIZdH, XHNTHRZ E, HETIEROIBHFET 270 TH5. UK
DX 351FF D X5 BREFF2RBRTWERWZOHITH 5. 2R L TIIEHIERD
HEOEENEL ) BEOFELFEPE A TLE S L WO EETIED 523, 1XH MBR
MOHHIIEL, ... ol ) WEBTREELLIEHERDE» 2728 ZAI1I2DWT
FhLTVWS. ZOHA, HEICNT2REZERT 2L 212X, 1 XHIFEZS
RDEDILNVLTH 3720, BIEERETVDANDLSERNT 2D08EE L.

ZDD, XBL—FOEBEErEOrErEHET 3 ME7HEREYET 5.
DFET L E LTBERT[6] ZHW 3. BARRNTIEHRILKEDS R L TW5 BERT
base Japanese[2] # 7 7 4 ¥ F a2 —=7F 5. T —2 LT, BRI FNL
TFT—=REy MBS HEE 53 h/zLea—%IEfl, ZhlblbtoL
Pa—ZA[L LTHWS., BRFIRALF—XtEy b TR, IEHE 50000t
BEXRELE2—DIZZES TRVWLE 22— LD HIE3 0P, [FF—
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£ 35 HEERI N RIBLWXDMHEZELL L 2—
R 5 did, RIAOEATHRAED TLEDELICEET S
IABEZL Kotz HEDEIN R XYy 7OXIED Ero72DT
T, WEDEEDHENK 5 TT, BEDFELENEZ 227 <. Bio
Ao TRERFTIHT BNV L ZI3ERKT L 7=,

2ty b RZOEFIT -2 LTHWS 2, HENABNIR2 T ANEE
SN BA[EEEDSEW. 207, Bz S XV oL, FEDIEA
BB SR BT — X R T 5.

T/, BREFIRLTFT =Rty b TIRIFTENTWDDIFERD D 5
MENDLE2—THIDITHNL, REFRICBI2EBEHEDONRIILTH 5.
ZDED, BRFIRNLVLF—ZLy MIBIFALE2—D55 1 DD HRERK
ENZLEa— (HEA1IDOL2RVLE 2—) DA&EIT—2 LTHWS.

3.4 REBERETI

HEEEOLHEINZLE 2 —3UIH L, ZUsx3 2 1EiAMR ORI = 4E
M5, 2Dk, LEa—X% A1, BEAKOREL L3 2 R5EHE
TORYET 5. RINEEET L2 ULTBART[12] ZFH L, HARGEHAIEEF
HABARTET V(1|27 74 Y Fa—=0TF5. 7742 F2a—=0 7DD
AT —2 2 LT, BRF 7T —RIZBITE HEHE) O 5 317
LEa—ZRUCxd 2RIEOHZHWS. 72720, 12HITRREFRADNEE L
WeEBZLIREZERT 270, JIT -G LT22EO 74 VR ) V7, F
ROBBEBHICERLERWVRED 7 4 VR Y Y T @YD T 4 V2 ¥ T %{TS.

3.41 RBEICERLBVVEREDZqILZYY

=P L 2 — ETHRTW S EHE DB 2R EE24ERT 5729,
LE 2—FOBBHICEM L TOWRVIREZIIT -2 6N T 2. Ho00D
EEMR QRN 2 R T HEE (JBMEE) ORS AZERL, L2 —YiRIEOMAFIC
[ UBERESHBEL TRV, o RIEEiEa c A1 DBHBELTLRY
MHEHIFRT 2. ZduckDd, L a—cHBT 2EMEES0RE (BHCERT
2iR1E) ERINBAREEDEE 2 e EZ 6N 5. X5I1C, ERLOATHEK X
NTVBIREZIET =X HNT 2 VI MRBIFTE 5.

JEBPEEEIER O L L 2 —REICBI 2 MR HEEL 35, BRI, K
BNICk-oTHEHEFEOR AT EZHEML, 20 LM 500FOHEEL EBIEFEREEGL T 5.

S(w;) = avg 7, €70 Provo(ws) TE-IDF (w;, r;) (3.1)
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ZIT, REEHE I NP EINTLE 2 —DEE, r3FDLEa—, TF-
IDF (w;, r;) IZ RZ2XEREGL LI 2DHEEw, DL ¥ 2—r; IZBIF % TF-IDF,
TOPiooo(w;) 13 TF-IDF HO K Z W EA7 1000 FDOL B2 —DEETH D, S(w;) &
Z®d 1000 £d TF-IDF OVHEL EF T 5. L ¥ a—r; I8 5 HEEw; @ TF-IDF
ER (3.2) TRD 3.

TF-IDF (w;, ;) = tf;; x log (%) (3.2)
thi &, LEa—r iICBT 5 HE w0, OMBER, df 13w 280V E 22—,
NEELE2—DTH 5. tfi ;& TF(Term Frequency), log(%) & IDF (Inverse
Document Frequency) & FHINTWE. H2 L E 2 —IZB1F 5 TF HIZZ D HGE
DOHBEENZ WEZEEL 25D, ZOXIKRBEEDOIBETOLE 2 —IZBWL
T BT 2 X5 RHFEIXIDF EMEL & 3. HIZIE, THRTIL) 2 WvwS HEEE
HFL L a2—IZBU2HBBEENZ VW PETEX 57D TFEIZEL 2505, £2TD
LE2—IZBWT LIS 5720 IDFEIXMEL 22 D, KR TF-IDF {EIX K
{723, RHIETIE, FFEDLE 2 —ICBVWTEHEECTHAINZHFETH 3,
ZLDLE 2 —ICTHET 2 X5 RNAHANTIERZRVWHEZEMHEL LTV,

EEEEMH o la — F & Algorithm 1 1IZRF. AL 2—DEAER =
{ri,ra,...,rn &L, BHEHERE ATHS. word TFIDF 1%, HiE%z ¥ —,
ZOHENHHETZ22TOLEY 2—1ZBIF 5 TF-IDFED Y R + Z{E YL 3 % HiH
BEHCTH 5. word.avg TFIDF %, HEE% ¥ —, TF-IDF{E®D AL 1000 D
Y 5 28855 TH 3.

%7, ROTAZHDL Y 2— 1 TOWTIHRERMIT 21TV, LE2—-NICH 3
HEEDO VY 2 N 2HUG T % (417H). getowords 1, XERERMTL, HFEDY 2
MRS S 2B TCTH L. HEEY A POEHFEw, L L a—r; 5[ LT, TF-
IDFEZEMNT % (617H). HiEZ ic, A L2 To TF-IDF fEZ S & LT
word TFIDFIZEMS % (T17TH-1017H). U EOUHZRL 2 —IZDOWTH#ED
B3 (317H-121TH). X2, word TFIDF WDFKHFEIZOWT, ZDHGED TF-
IDF fED Bz 1000 thZ2HfE L (1417H), ZO¥E%23E L, word avg TFIDF
WIS 2 (1517H). RIS, BEE%E word_avg TFIDF OfEDKEIEICY — + L,
Z DA 500 FDOHEEZ BIFERE A &5 (1717H). sort_descending by value
X, EHAEEHIEECEIEICY — L, ZOF— (ZOEAITHEE) ZEUS T 2 H(E
TH5.
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Algorithm 1 Extraction of Aspect Words
Input: A set of reviews R = {ry,rq,...,rn}.

Output: A set of aspect words A.
word TFIDF «+ {}
word_avg TFIDF + {}
for j =1to N do
word_list <— get_words(r;)
for w; in word_list do
value < TF-IDF (w;, r;)
if w; ¢ word TFIDF then
word TFIDF[w;] < []
end if
word T FI1DF|w;].append(value)
end for

= = =
N = O

: end for
: for all word, value_list in word TFIDF do
top_values < sort_descending(value_list)[: 1000]

S e S
AN

word_avg T FIDFword] < average(top_values)

: end for

. A < sort_descending_ by value(word_avg T FIDF)[: 500]
: return A

— = =
o N O

M S BHREDOHI 23 3.6 1R, BUEEDZ C 3ERROBEE 2R TH
e LTHEYTH o 7.

7 3.6: 1EIAKERL D B MERE DB
BYEE HE HEK 78 &oNa oy v — B |E it iR X 4L @bk
7ay RE B4 AL Z2OF N B B ER 2GR oL — L S
Z v H—F R AW h—T7 v B B

3.4.2 TFENXDT7aqILZIDY

2.2 fiTCiiR7z K 512, Kew & Volk Dff5E [10] TlZ, M7 — 2 THEICHIE
SN —EIRIREE, ET VAR TRWVIREZZE XY, b ERNKEREE
T DRENEIETEIE S| EWORMICEDSE, F—Xty b2RICBWTHE
TRHRRBEERN L THLOREBERETAEZEFLTVWS. ZHZvy, Z2HRK
BERAENT 2701, THLLRYUID BORENERENZ D LT 572912,
AR T — 212 BT 2B E0 6 € 2RV 5. EIAMRDIREE, FAIREZGER
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LLTXRPEIL, Z2h2hDs I L TERER a7 Os;) #RHIEL, 2z

P 30%D LR ER Y LTHIRS 3. ZoOMHOBOIIT — &1, LEa—¢,
FRUCHFT B IEDRED S ER RV T XA oMl 12 3. ERSIoHIRIC
X DIBEOETOXHHIRENHEE, FOMBEREZIET — 215N 5.
EREZ a7 C(s;) 13K (3.3) DX I ITERT 5.

C(Sl) = aVC iy, es; fre(tgij) (33)

T IT, tgy 13 s ICHIRT % j B HDHEE tri-gram, fre (3FlI#T — Xi2BIT %
ZOHBBEETH D, ERER A7 EZZOVF L EET 5. AT — X 2K THIN
5 HEE tri-gram 2 ORI N TWEXIZY, ZOERERa7I3&EmLRb. &
B2 a7 OFHEZ B 202 HWTEHAS 5. 3K 3.7 38R RS D f T
HY, X3I8IFZDREBELAKZTEFITUITH LR ZRL TS,

£ 3.7 RIEDHI
ARTNALZXGEREZCHHABEEE L THICAD BRI X VET, 20
ElE, PatkBunrs 28Tl EV, REFLRZXWEHATLE, TH
WBELRIERZFICHRUE T, 2 oBHTEVnD 5, BILLWH,
CERREZELTHONE S ZXWVE L,

# 3.8 XWZHEH S REDH]
ID X
s1 | AT NALZAEEEZZHHBEZE L THICHD DN E 5 T WVE T,
sy | TOEZ. FRaPRZEVNVEZIBETLEWV, AZHLRISWERATL,
sy | HWEERIEREFICHUT, 2hhoBDdTEVD 9,
sy | BIELWH, CHREEZILTCHHNLE S TXWVWE LT,

ZFNEND D HHGE tri-gram ZHIH T 5. HIZI1X, sy 22 HIEFE3.9I1TRL
7o HAGE tri-gram (#E L 72 3 DD HGEOH) it 5. b, 7o X —nN—(_)
EEBOBRE LTWA., £z, 7AXVYRT ()IEEHD LIESCRERTIEE T
5.

# 3.9: K 3.8D sy IZBF % HEE tri-gram ($hFE)
BAGE tri-gram
IO &
Zo_JE IF
E =N

. K&

T {[TRPS




AT — 2 BT 22TOLE 2 =205, XD5E| & BEE tri-gram O
DI EITV, ZNFNDHEE tri-gram OHIROEE > b3 5. ZOHME, #£
3.10 D X S Rt ERMELNS. HIZIEX, T —XDL v a—2KT,IB_&
B WD HEE tri-gram (& 151,701 MR L, T2 B 13 & WD HEE tri-gram
13 120,338 AL TWE Z e 2 RT. ZORICEIT % HEE tri-gram 133X (3.3) 12
Bl 5 tg; WHE L, HWBBEER fre(tg;) \THYT 5.

7 3.10: HEE tri-gram O L ¥ 2 —HRERMRITB T 2 HBEE ()
HARE tri-gram | HERBEE

B_E_k 151,701
TEWVW_F9_F| 142,993
FL_ 7% 140,660
T_BbH_F73 | 127,033
* o E 120,594

O E X 120,388

ERE R 27 ORHIEHE 3.8 1R U7 B3k tri-gram OHBPHEIC X DA XA
%, BlzIE, s DXDEREZR 2 7I13EK31LDIIIEIEINS. ZRAZFhDH
#E tri-gram DFIIFRT — X128 3 HEBEE OEEERENER a7 ik 5.

# 3.11: 38D sy DEFEZ a7 DEH
HAZE tri-gram | A3 7
¥ Zo_E | 120594
CO_E_ 1% | 120388
% 33091
F_. _ & 1322
A | 1595

SE 35241

4 B CHRIBT 2 FHMAEERICBNWT, RETHEXRZEHID 7 4 VR ¥ 7% {To
7o, TOMREONIERER 2700 M%Z2 K 32 1RT. MEIERER a7,
M E 2 DR a7 ZFFOHEE tri-gram O TH 5. BRIz X 51T, KK T
WEERE R a7 53 B 30% DX 2T — 20 5B D RS, EERTIX, BN 30%
WM T2 EREZ a7 OMMEIZ 30454 72 o7z, ERIXXD 7 4 V2 ) 7T k-
TREINZREXOHIZE 31218 T. EHEXa7oE WX, EEIER
RN LN e Sbh 5.
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hovhk

80000 -

60000 -

40000 A

20000 -

40000 60000 80000

X 3.2: BHE 2 a7 D5fh

£ 3.12: ERIE X a7 2350 O

100000
A7

a7 Ef130%: 30454

BRI 237
REHLIRTIWERATL, 78544
DEDBFECHL LT ET, 49978
ZOEIX, ZHEHEXELTHICEE S Z2XWE 3, | 48500
F/DTREEZLEDBRHREEHL LIFTED £5, 39078
BEBOZTHERMIIZD o b ZIFIEHTBD £3, | 34997

3.5 REEXDHE

Aﬂbt%ﬂ%h@vtJ—Y#6£hiﬁ%7wkiofiﬁéﬂtphﬁ
PAL, RENRRERES. REXDIEFRIZ, £BTDL L2 —XDL L 21—
WKBI2HBRIEFR R T2, 2720, BEXIHIICERLTWE 2D, H
PIL 7R RADPERE L CRIEBICEENZARENEDNH 2. EETIREERNT
572, 2 DDREXEOFEHEZ IEF b S A7 REERE [11) T2, Z2h030.1 0
RDEE, TOLE 12— B 2HBRIEFEIZRTH 2REXERL, 35—HD

BIEXZERRNT 5. 1720, BUREEZSURERECHRALEV DT 2.
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TREEEEHE X 12, XFOMA - HIER - Bt OWITNDIEICE D, BT %
DX FHNCENLT 2 7- DI BT/ MBERETH D, A OBELUES L
CIBERZWET27-00RETH 5. [EFLIN-IRENRREY 1%, HEHRREZ 2
DDOXFHDREZXDMTEH - /METH 2. HIZIE, TZACHBIX] 20V FH%E
FZARAZ) LW XFINCT 512iE, 3XFHD Nic) = NE WCEBL, 4
FHDO 5] %2 TA) ICEBTUI VWO T, WERRX2 225, EHRbxNh
TR, 2 0DOXFINDREDPIICS TH L7, 2 =02L7%%.
BEOHEOHIZ T, £I13WEBEI2DFHETHS. L2 —% s £ sy
WKAHEIL, ZRZNDOXDLHREEZERLTVWSE. 22T, Xs;dXs b, £
ATH L TEREINTZBEZ3 2O, SR I NS, BB, s ldmBHOL
Pa—XiH L THADEINEZnBHDOREXEERT.

R 3.13: XL RIED BEAERDHI (F8)

iz ElEN/zL B2 — BRAE
s1 BRD 53 0A, BEEDOKIZITID | 511 BEEBDOKIZTIDEL-/T22DZ
o 72, T, REFLIRZXWVWEHRAT
L7

S19 GBRIDESI RN E D,
BRAZ Y 7IHEEL T2 £9,

si3 FDZHHEBELHRL ST
BEHZET,

sy FBEEDBETFOENELXE | 591 BEEDOBESRDOEICOETELT
HLTO2HMMY o ThoRER F. KEHLIRZZXWERFATL
BT ba—r) tWvwoTHINS 720
T, MEIROITF I - 7=, S0 GRIDEI BRI DHEVWE S,
MERIELTSD £95,

so3 FDZHHZLE D BRELBHL
EFTBh T,

ERX N2 TOREXDOHICOWT, ZOFEFURERMZEE T2, £3.14
BZOHBEMEE=ZATHE L TORLEEDDTH S.
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K 3.14: BA5XF L o 1E B L 5 B A

S11 S12 513 S21 S22 S23
S11 0
s12 1 0.78 0
s13 | 0.77 0.73 0
s91 1035 081 081 O
S99 | 0.77 0.28 0.66 0.80 0
s93 | 079 0.70 0.07 0.82 0.68 0

s13 8 o3 ICEHT 2L, TOMEHRL, spu2d NDED EVHIREX3DX

FHNEHIBRT B L 513 8 =T 2720, 385, 513 & sp3 DXFRIEFZNZHN 20,
2372 DTC, IERULIREHERNS 525 ~ 007 2%, ZOEERH LA LDHRELL
BIE0LIU TN THB7D, TOSBHBIEFEBRTD S s93 BFRL, si13 ZHIFRT
5. —77, IERMCAREEIERE 0.1 LU ORI DAHIE s13 & s03 DMLINTIIFEIEL
. ZORER, £3.15(a) IXHEIT 5 DDBREXNEREING. REIC, ZThoD
RIEXZME L, #K3.15(b) ITRTRENH I LTELNS.

% 3.15: IRIEDHRE DHI
(a) LU Z PR W72 DX
BEEDKIZIPENP 72 DZ 2T, REHLIRZZWERATL R,
SHRIDEIBRIEDBRVED, BRAX Yy ZIHEEL TS £7,
BEEOHAROZFICOEZT LTI, KEHLRITXWERATL,
SHRIDEIRILDRVES, FBERIEL TS £7,
FOZHRHZLEDBRERL EIFTED £7,

S11
512
521
522

523

(b) B 2RIE

BEEDKIZTIDEN 72 DT, KEHLRSZIWERATLE, 5%
TSR NES, ERAZY ZICHREL TS D 29, BEABOHELK
BOFIZOEFLTUI, KEHLRIZXWERATLR, D&k 5%ZE
DHEVWED, FREZMEL TS 3, £0ZFHZLL D BREHREL LT
TEHET,
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B4E FHE

KETIR, 3ETRNREFEOFMEETS. 4.1 HiTIRFHHERICHIE L7
F—Zty MZOWTHBNS. 428 CRIERAEEF AT 5. 4.3HTIE,
BIESAERET M L D AERSNREZ I 5. 44 8T, REFERCE-
TERSNIREOR MR L, ZHICHT 2EEE(T5. 45 0TI, IR
ICHRIBERT TV ABIBSEE TV TH % ChatGPTH] IS X D AR L 2RIE %
a3 % .

41 T—2tvk

FERITER TNV T =Rty b 14 2FHTE. BRIV INLT—XE Yy
MZiE, BRI NLD2—F2FH L 2EAERICEL T a—8, 21
WS 24 B CHEE) 2t hTtwad., 2O 6pEHD S B, AR TIE
o 3HHEHZHHHT 5.

o I—HIEWBANX: T —VPHREHMRIC L THRRLELE 2 —

« M LV a—OWEICHT 3ORHTT). - I CE Y0

XFHNDRD 5.
o MEREIZARIN: 2 —UERE LIV E 2 — 1203 21EEMXRDIRIE. RIED
HTWEEbLD 5.

MR P IRLT—RIIEDRE582 428D L Y a—EaEh b, AEBRTIIZD
—E T 5. EEBICHEAT2 77— 2O MZ42.1THE 4.3.1THTHRN 3.

4.2 EHEHETETILDOFM

AHITIE, 33EITHAL/EHHEZ G 2. 4.2.1 HTRIFERSEMFZBN,
422 TR ERMROMENMOEEZ2ITS. 423HTIE, EFVEERONA
=T R R ZEE LT B MNERRIC DWW TR 5.
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4.2.1 EEREMH

HIEHEE T NLDFEE RS NIFHICH W 2T — X Dt £ 4.1 1. 3.3
HTHRARTZE21Z, BRI IRV T =Ko, 1 XPOEEIND (AR 1072
FJHd)LEa—D55, pHEOEHEI NEE) BN EIRTHWEHDZIE
Bl (EEOLE2a—) 2 LTEISS 5. X2, 1 Xh oK Shro NEME - HH)
TP EINTVELE 2 —DF S IEfEH DL ¥ a—% Al (HET
B3R WLE2—) e LTHUGT 2. ZOLSIERLET—2Z20HEIL, ZD80%
ZAlRT — 2, 2002 T AT =R T 5.

£ 4.1 HEHEETNVOERT —X
Ef &l &t
AT — & 16,099 16,099 32,198
FAMTF—& | 4,025 4,025 8,050
&at 20,124 20,124 40,248

BERT %27 74 > Fa—=V 7T BBDANA =5 X R LT, FEERIZL 27,
Z DB transformers.AdamW [3] D7 7 + L Ma L L.

4.2.2 EERER -EZR

HHEHEE T VORI LT, ZfESHEOEMRE, BIXOEES 7 R (1EH)
@ﬁﬁ,ﬁﬁ%,Fﬁ%%mé.:_T,Eﬁi,%ﬁ,ﬁﬁﬁ,Fﬁw,§4m:
REIREITAIZITIC, K (4.1), (4.2), (4.3), (44) DEIICERINS. KB, K
EERTIX, Positive lTFHED L B 22—, Negative IFEFTIER VWL L2 —%2FK T

K 4.2: — k2 “(EDHDIRFEITTH

ETILDOTFHI
Positive Negative
Positive | True Positive(TP) | False Negative(FN)
Negative | False Positive(FP) | True Negative(TN)

E(CDE/A 74

TP+ TN
7R 4.1
I = o N T FP L FN (4.1)
TP
e 10 4.9
Iz TP+ FP (4.2)
TP
B~ 4.
I TP+ FN (4.3)
P — 2. Precision x Recall (4'4)

Precision + Recall
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R 43ITEHBEHEE TNV OISR EZRT. lepochZ EBERT 27 74 > F a2 —
=273 BBD epoch B Z KT, EMRBLFMEIZ0.91L, HHFHEETLVOMN
BED TS EmN 2 E IERR X Nz, T 72, epoch B3 1 D & =S IEfRERSS F E B
RKEZD, epoch ZHMX & % & AR EREME R T 2HAB R 6Nz, 2D
JRR e LT, #EPECICONTEEEZEZ LTV AA[EESEZ NS, D
HBDOEEETIE epoch D 1 OFIFHEET L EH WS,

& 4.3 FWIFHEE 7L Ot
epoch #( | IEf%  ME  HHE  FAE
1 0.8877 0.8718 0.9091 0.8901
0.8847  0.8656 0.9108 0.8877
0.8744 0.8768 0.8713  0.8740
0.8758  0.8587  0.8996  0.8787
0.8694 0.8656 0.8748  0.8701

© 3 Ot W

4.2.3 BINEER

—f%12, BERT Tl epoch BOSETICONTHHEEN R L 72D, epoch B3+
KEL 725 e HREDQUEDIURT 20, @FEIC X DMREME RS 5. —7, 4.2.2
HTRLUFEBRRR T, RHROEEHEE T /W epoch D 1 DIRFIZH o & B
BWHREZ R L7z, epoch By TIHHIE £ T L OMEEDBEIRZE BHIC 0§ 5729,
NANR=RFG R =R BEEHELTepoch B ZL B 2OEHFEHEET VO
BER RIS 2B MEBREITS. 4.22THTIE, ¥ERE 25 2 LTV, BME
BRCIZZNZ b5 1e " WEHELTERTS. ZAZNOEBRGERTE 4.4, 45
WRT.

IEfER Y FEHIX, Y5060 HRTH cpochB1 D XK R-7. HE
FRIZBEHLTD, epochBA1 DL X, HEHEN e S TIIREERD, be DL X
WCHBRARDEHBIE (epochI D& Z) LIFFIFE L TH o7, FIEHTOERD ED,
WTNDEERIZBWT D, epoch BhS 1 DIRFICIEMR D —F B 2 W\ S (E[A] A5
WENTz, BR2FPHBTCHEHINEHBHEET NVOEMRBLFEL KT S
Y, IERRIEEEEN e S D &, FMEIZFPEEN le DL =1, —HESWED
B‘Bohz. LarLl, IhBICKkERERZ Rz, Lo T, BRCBRZ XS
2, DRROFEBR T EERE 207 LIREL THB LLET NV (RI3DETNL) &
W3,
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# 4.4 EHIEHEE TV OFG (FFE 2 5e )
epoch 1 | IEfER  fEE  HEE F{#A

1 0.8949 0.8809 0.9133 0.8968
0.8776 0.8960 0.8544  (.8747
0.8719 0.8771 0.8651  0.8710
0.8755 0.8722  0.8800 0.8761
0.8824 0.8581 0.9163 0.8862

© 3 Ot W

£ 4.5: HIEHE T TN ORI (FEE 1e79)

epoch # | [EfE=  fE  HIEE A
1 0.8842 0.8659 0.9093 0.8871
0.8810 0.8721 0.8929 0.8824
0.8829 0.8728 0.8964 0.8844
0.8825 0.8705 0.8986  0.8844
0.8810 0.8633 0.9053 0.8838

© 3 Ot W

4.3 ERIFEMET IO

AEITIE, 3FETERARIZAEIC X > TERLZREICH LT, BHEREHMG 2 ATFRE
DM Z21TS. 4.3.1HTIIERSZMEZBRS. 4.3.2MHTIX, REBRTHET S
FIRICOWTHHT 5. 4.3.3THTIE, HEEFHMHOFH X 2ib~N, EERGERZ RS
L, BRI 5. 434HTIE, AFiHEOFHE, R, BZITOVWTHERS.

4.3.1 REREZH

BRIBAERRE TN DR 6 RNCFHIIC AW 7 — X DFiat 2% 4.6 1R T. EE&
F—&1F, BRI INLF—XIIBWC, LY a—O0HED IEE THh, »
OERAIEARIEET % (ZZTHRV) LY a—2HWiz. 20 90% %7 — X,
5%NEBFET — &, 5%% T AT —RE L. BAFT — XIIWFE D AIHAEFE TRl
T—=RDT 4NR) ¥ ITFREERETT B, MZHEET 2 7-0I1cHW. 3.4.1
JHY 342ETIRNRT=2T7 4 &Y Z7EIZ XD, FIT — & D7 — 2L 29%
AT

BEERETNVE LTHEALEBART 27 74 Y F 2 —=V 7T 3D 28—
NRIRXARE LT, mRTRy ZEILS5, FEHRIT3e™, Fry 777 b R3p=0.3
CERE L.
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£ 4.6 BEERETVOERTF — &

Al 7 — & 147,749
AT — % (7 4 20 7)) 105,241
FZT — & 8,209
TANT—R&R 8,209

4.3.2 LEBFE

ARFEERTIE, LUMZRZ 6 DOFEEZHE T 5. £, TOHDFRICE-T
ARSI NTREITMA, EEICHEBEMERDEF WRE S T 5.

BASELINE BART EFMIC ko TL a—0bREZENRTZET L. I
T=RIZNT BT 4 NR) Y ITOREW. LE 2a—%2 U278 L THr 5K
BEEKTZ2DTIERL, LEa2—2KE2 AN LTREEZEKTS. Zh
ZNR—=—A74 T 5.

BASELINE-S 5 1 2OR—2X 54 YFiE JIT—Ricwds3 74029 >
AIfTHWV. K31 IWRLEEIIWCLE 2a—2 32T E L ZF N ZENnD X
AR I NRERZE ST 2 ULHIZITS.

PRO-A-S Fllf#f7— &I L TRMEICER LBRWVIRED 7 4 L2 Y 27 (3.4.1H)
2170, BEAERETNVEZYE T 2 TR X0EI L IREXDOMENIEHITS.

PRO-C-S Flfi7— XN L TERXD 7 4 V&2 Y > 7 (34.21H) 2170, RIEE
JRETNZFEET 2 TE. X0l LREXDHENHE ST S.

PRO-AC Lt a—%2XIZAEILTHhHRIEEZEMRT 2D TR, LEa—=2
e A1 LTRIEZAERT 2 FEK. AT — s 2 Eid2207 4
2 7 BATS.

PRO-AC-S Jllffi7— XL T22o0D 7 4 L&Y ¥ TV, XHoEl LR
EXDMENE ST 5 FIE.

GOLD 7—&+t v MIBWTHEHHMRIERICE N RE

HWRFEORBERATICELDZ. 17402 Y 71 1283 B D,
JBHECERLBRWVIRED 7 4 VR ) Y 7 R2EHAT 22 LEVWSERS. #HHAT S
Y%, PRO-A-SD X112, FIEDOHESIZ TA] Z2233. 17402 ) 7 128
3 TERS) DFNX, ERXERFRNT S 74020 7 R2EHT 20UV
2RI, BT E, FEOKRSIC (C) 22035, IXHE)) oFlix, L 2—
ZIZAEIL, HIGREEZEKRL, RRICENSZMET 2UWHEZITS 0, Z
DI EITHTICL a2 —2KE AT L OGREZERT 20271 T. XHITR
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BRENT 2L E, FEOKSIC IS) 2205, £, FEOKS2 PROJ T
A% 2 b DIERTFIEE, ZRLINIR—ZF74 2R T.

£ 4.7 HEFEDOF D

TANRY) VT N
B (A) | @A (C) X5 (8)
BASELINE X X X
BASELINE-S X X v
PRO-A-S v X v
PRO-C-S X v v
PRO-AC v v v
PRO-AC-S v v X

HERHETIE, GOLD MUAD 6 DDFEEFHES 5. —7F7, AFiHiiTlE, BASE-
LINE ZFR< 5 0O F R T 2. X518, REEKZAZD FRE LT, GOLD
DIBES AFITX > TiHEi s 5.

4.3.3 BB
PR

ZZTRIART =& D7 4 V&2V v 7 ORRZ BERICFEMS 2. BEIFHHER
f£ ¥ LT BLEU[15] & DISTINCT[13] & FH\ 5.

BLEU %, E7ADMHN L7z7F X b (candidate) 25 NI F N2 7 F 2 b (ref-
erence) & ENLZTELUL TV L0 ZHET 2HEETH L. ZORA7E00156 1
XTOMEZ LD, LITDWIFEETVDOHABANERTF VT F X+ 2 EELTw
5ZEEERT .

HARMNZIX, candiate & reference & THEE n-gram BN EE L TV S5
THi#E OFELUEEH 5. BLEU 2 a7 OFtEIUIR (4.5), (4.6), (4.7) D@D TH
5. 72720, r, cldFnFNreference, candidate DXFE, N IS % n-gram
DERRKDREZERT. £, w,=+ TH5.

N
BLEU::BP-emg<§:umk@jm> (4.5)
n=1
1 ife>r
BP = 1—r (4.6)
e ¢ otherwise

. ZCE{Candida‘ces} Zn-gramEC Countdip (n_granl)

B /
ZC’G{Candidates} Zn—gram’EC’ Count (n—gram )

n
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Z 2T, Countyp 3,
Count;p(n-gram) = min(Count(n-gram), M az Re f Count(n-gram))

CEREIND. Countuyld, n-gram O candidate I2B1F 2 HBIEETH 553, £
DAL X reference TD n-gram DR AHBEZEB I 2 WIS IZHIBREATWS. &2
B, MazRefCount 1 n-gram 7 reference XHICHIA T2 RHER L TW5E. £
7z, BP, p, DEENIZN TN TOHED 272 5.

.

BP : candidate DT X 25EICRFIALT 4 AL, @FEIEWTF 2 MIE
WRaA7E52770WE5127 5.

pn : candidate D& n-gram 73 reference I ENZIFET 2025t E T 3.

AL TIX, reference 7 — Xt v MNDOEEEDHEIHME DIR(E, candidate %€
TMZEDAERLZREE L, BLEU 2HEHT 5.

DISTINCT &, i7" — &0 U TAER S NTRET F X b O ShRME % 55
LIHETH 5. BERINZER I N T F A MBI 52 =— 7 7 N-gram DZ4k
Heflls. zostENZN (4.8) ITRT.

demN:NmmmdﬂMmiNgwmmT

Total number of N-grams in T’ (48)
ZIZT, B FRETFRMNT BT 2% 25 N-gram O, 7RHITFRAMTICB
¥ % N-gram ORETH 2. ZOHRIZ02S 1 OBOMEZEID, 1ISEWIEY T
FRAMCEREDD D Z e Z2RT. AFFETIE, 7FAPTZET ML DER
XNhRIELRIKE L, DISTINCT 2855,
BLEU % DISTINCT %, n-gram @O n % HHICRETE 5. AREFKRTIX, HEE
4-gram %312 U7=$64% (BLEU-4 & DISTINCT-4) Z W 5.

RREER

£ 48126 DODFEIC L B31RED BLUE-4 £ DISTINCT-4 #/R~3.
T 4R BRI OWTHEES 5. BASELINE ¥ PRO-AC, BASELINE-
S ¥ PRO-AC-SEZh NS 22, 740X > 7 %1T5 PRO-AC, PRO-
AC-S D /55 DISTINCT-4 DS\, T eh s, ERMXOT7 4 02 Y) &
D, Y XD BRXOERPIH SN, BRABEIHDOIDEREINE XD o7
Y*EZ%. —F4, BLEU-AIZOWTIE, 740X Y ¥ 7% L7\ BASELINE,
BASELINE-S 23@&W. 2L, 74420 7R LnwT—Xh o8] X
72 ETVTIRERIDBERIND Z e B2V, §H-i T — X281 3 1ERDOIRE
WCHEENZ L, WETHE n-gram DB —HT 2LV drEIONS.
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RIZ, XHIORERER T 2 OB OWTEE T 5. BASELINE £ BASELINE-
S, PRO-AC ¥ PRO-AC-S ZLt#g3 % &, DISTINCT-4 IZDOWTIXRTE DA E
W, Thbb, WHIORERENRT 2 Z 212X > TDISTINCT-4MERLTW3.
UL, BERSCERE T BABUC n-gram OREUIIE Z 223, A LEERORX
WIEEL L 2REANZ W2, 2=— 7 K n-gram ORBUIH DML W=
LEZLND. BB, XHBIGREL, ZNoEHAE L TRENRIRELZENRT %
BNCOWTIX, 44THTH L BR B,

BRIZ2DOD 7 4 R ¥ I OENIDOWTEET 5. Z 2 Tld PRO-A-
SEMHICER LEWVIRED 7 4 V&) ¥ 7 %), PRO-C-S(ERXD 7 1 V&
VY 7 %), PRO-AC-S(MAD7 4 V&V > 7 %) 2R3 5. BLEU-A4
B L TiE, PRO-A-S, PRO-C-S, PRO-AC-S DJIEIZEWVMER RLZ. ZDZ L
¥, GOLDIZIEWIRERAERT 2 WO BRIZBWTIE, ERXD7 4102 ¥
JWTHR, BEICERLEBEWIZ 4 VR Y TORHBNERNTHE Z e 2R LT
W%, DISTINCT-4 22\ TlE, PRO-A-S, PRO-AC-S, PRO-C-S DJIEIZ B\
ErEons. ZOMEIS, EHLEERZER T2 WSBETY, BIECS
M UIRVIBIED 7 4 V&) Y TDFPERLD 7 4 V2 ) V7 X DMRNTDH %
Zennhsd. BHECERLTOWRWZIIBT — 200 N3 2 28T, #HE
CLTERCD OB TR INZZD TRV R TX S,

& 4.8 RIEAERCE 7LD H BRI R

BLEU-4 DISTINCT-4
BASELINE 0.1233 0.0313
BASELINE-S | 0.1034 0.0224
PRO-A-S 0.0962 0.0562
PRO-C-S 0.0740 0.0395
PRO-AC 0.0660 0.0585
PRO-AC-S 0.0667 0.0533
4.3.4 AFFHM

KERFIE

RA6IWORLIET AN T —=EZP6 7 VA LIZ50HDO LY 2 —%2EIRL, 43218
WCRL72 5 DDFETERINIZRER S KT GOLD Z AFTilffi$ 5. FHliE
GHAGERGERE 1% TH 5. FHiiEE &, FERICHERE IR L RHiEE 2
MIRICRE#E S 5.

T RENPEHRBHAGETD 2 00% 5 RFECRMEIS 5. FHMIEAEIILIROMED.

1. HAGEE U TSHENZRRRD 2372 D 20
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. BAGEE LTSOENED 2208

L ERRRD IZ R OHBZDLRHARI D B
. HAGEX LTI BEARTH 5

. BAGEL LTIFEICHATD %

Ot = W N

FERMRM REBIFET LS BRERPED RSN TRV Z 5 ERETHHET 5. &
BROBDIRLBZVWEERWIIREZESZ 5. FHIEMEZLITO@ED.

EIZF T XD D IR LMAlE S B %

FIEFRIC X DD B LA D %

WEIEE S IXIEF TS WE L O D IR L 2MAlE S B 2

NEITES DIZIEFTCEVEILOED IR LA D 5

FCAE - BVEILAED BRSNS ZKIFEA LRV

SAE e

HRETHE SE2ZH VL 27 -0 506 /T, Eifiss o 0iREr UTH
PICH 200 507% 5 RETRHIS 5. FHEEAEII T O®D .

IEH WY TH B

FHEYITH %

EHHEDFABW

HYITH B

IERICHEYITH B

AR

BEADER L L a—T2—¥0REHEEBRRTWRELHEDZNZIUIOWT, K
BTZEZOVWTHN TV A ELEHEST 5. BIEIED S0 U DhaE I
NN L TEL.

FEREICIX, TTDOLa—t, ZRIINLTERRZRZ Y AT L TERSINTZRE
PERENS. ZOFE, YORENEDI AT ATERINEZ2ORER VLD
WL, »ORRT S 6 HEOREFOIEERD I VX LICEET 5.

AFIC L BFHEOF 2K 4.11RT. TTDOLEa—1d M LEBERMET, > %

V— b M LEEAZET, TLEDODMYDBENDIIXE S IILEDEHAD, ] 2V
SNBET, oL M LD T7 L DD | 2 W) 200 NmDENME
DERE LN DIEEE I X B ST 3. #iRE X, 6 2DRIEDBHARE, JE
TR, BEFHEZE 5 RETIHMEL, F/-Z2hZ2hoRHOEEIRENTE
ENTWENEPEILAT 5.
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LEa—

B

TLEM | BaiHE

Bl

EiE2

b LEEEMET, v J)—bALZ
BHET. TLEOERDAENDIEED
[TV ETAD.

A LD

=iE

FLeEm
RO

FLEOBOAENEGTET, AZERLURD
PVFETATURE. SBECOLEDIBRIENR
WEDS, SFBELTENET.

Bl -

Ho -

FEOZHBEFELLOBHERL LS TENE
ER

2 Ve

-

FLEOMORBENEOT & T, ATRURD
FOWFEHATURE. SBRECOLEIBT EOR
WEDS., APvI—RASHTEDET.

2 Ve

o~

COEFCHBLVEEEEUTGRICHDNED
TEVET. v I— b LOBEBCIEFEL
CTEFEE COERCRBERT TLTEDE
T. BEAHSERATECEVFETASSE
[CoEFLT@EHDTIENET. =2, T
L PBMSOAREIC OEELUTHICRLARTE
WEBATUR. SRFEREUTELO59—.
Fa—FT-OAEEHFREL, BTAELTS
NEY. BEFRCEINTNTHEVRLEIS
EEBICREOZFEESFSHL BT TED
F=7. FRES—FT AT ZTEA

Ho -

Ho -

FLEOBROAERENEOTET, KEHUIRD
ZVFETATURE. SBECOLESRIEND
Wk, SREBELTEDET. ==0lF
AELLDBFERLLETTEDET.

i

b -

FLEOMORBENEDT LT, AZRURS
ZVFETATUE. SBETOLEDIRTENR
WES, AFw I EEELTEDET.

i

b -

BREER

ANFFHMNC & 2 FHEZERGERZ R 4.9 1R 7.

X 4.1: AFRHiE D5

AL 7 F DBERE 1T & B RFRDF

HThHd., 7ARYRT (¥) It MEIZEL > TBASELINE & DHEZ (p < 0.01)
MWH3IrERT. FREICEZHED—BIEEZNZ 720, 2TOHERE DHIC
DWW Fleiss D s (RE[7] ZHI D, ZDOVFEEEZKRD. ZOHEE, MGEDOFEA
D k RENE 0.34, IETTEMIX0.62, EBIESEREBUZ0.77, BEFHEE 0.42 & 72
D, THOHRBREICL 2P D 2EE—HLTWE Zehbhr oz,

£ 4.9: RIEAEE T LD N T3l DfE

T IETTER BATEN Rt SRR

BASELINE-S | 458 4.44 2.53

PRO-A-S
PRO-C-S
PRO-AC
PRO-AC-S
GOLD

4.34*%  4.16* 2.72%
4.63 4.50 2.80*
4.66  4.71* 2.98*
448  4.17* 2.77*
4.63 4.84 3.99

0.338
0.581*
0.415%*
0.450*
0.538*
0.652

MGEICER T2, BR2ETLVETHRGHEOR a7 DRI AL, %
72GOLD L DEBZIEREL W, LEDo>T, ®TOETFTAND 3EEH

R EERTETNVS.
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BHICERLBEWVIRED 7 4 V&2 ) 7NZEHT 5, BASELINE-S ¥ FERT,
JEBHECE R LIRWVIRED 7 4 V&Y ¥ 7 %17 5 185 F1% (PRO-A-S, PRO-AC-S)
T, BESNEIEV. 2—FNEFHEIBTO 2 EEICH L TH S 2 DiR(E
ZTBHEVIKRMEDOHND D 2IREZERTE TS, — /KT, MBELIFTE
&@xz7mBAﬁmmEszm«fﬁ<&ofmé._mm,ﬁﬁmﬁﬁééﬁ
PR T-Z2i2&D, AL RREOHEDIRULSEZ, WiGEsELNI-#E
263, HEFETE, HrOLE 2 —XIHT 3REXEHEET 2B
LU7ZRESCERRAN T 2% L TWa 0, BEEZEL IR LW I LT
W27, HTnw3REEZZ2CHRTETWRWY., BYES MR RGN - JET
EMHE M —FAT70BRICHZEEZS.

FERITD 7 4 NE) Y 7WCEHT %2, PRO-C-S 1 BASELINE-S ¥ bR TIE
TUEMEISE SR, MGMECREFHES & <, YD B ORI LTI H
TWVWEZ DR TE. 2L, ERXDT7 4 VXY ¥ 7 DA%ITS PRO-C-S
DFHEE, BHICERLEBEWRED 7 4 LX) > 7 %175 PRO-A-S % PRO-AC-S
WCHARNTEES IEMIV. BEHESEELZ LT3 058maro /5y, EHY
D7 4NEY) Y ZTFEBHECERLBRVIRED 7 4 V2 Y 7 XD BMRPENC
Lhbhot.

XHIREZERL ZNEME T2 UHEOEMEICOWTHEEST 5. PRO-AC
¥ PRO-AC-S # 5 5% &, JBIES MFEIX PRO-AC-S D NEWD, G - IE
TEMDIEEIX PRO-AC DD EW. X EICRERZLERL, BRI ENEH
BTAHETE, LE2—FOBRMEICH L TRMESENRT 2N TEED, L
Va—2KE—{5 L T T 2 FiE e RN T BRI MELA h UKD
BDIBLPELTWEDTHS. BEFHETIX PRO-AC DABEWZ 205,
X EIWCREEZERT 2 AROEMEIED SRV, L, XBIOREZE
B3 2FiEZE, VEa—oFICEBROBERDHZ 5, ZO—HDEEIRET
ENEINBNZ e EEITZ I EHNELTWS. 2070, BUEIERD 2L
P a2 —IZOWTIREFEDENEH S D EMEEST 2 080 H 5.

I—PRREERALZEBER 1 OL2RVWLEa— 220 EHZ L 2—D
AN RICIRRTFEEZITHMET 2. BHEL1OL2RVW2HDOLE 2 —DARZNR
W URHMEfE R 2 £ 4.1012, BUEDS 20U EFET 2 2H40DL E 2 —DAZNR
W LUAHMEERZR 4111177, BEX 1O FDLE 2 —DARFHlONR
L7zt &, LE2—%2IZ7E L7 PRO-AC DM S &* I3 BASELINE-S (2
K E <, BEFHTGD X Z L ITREZEKRT 27 VICHREGW. —7, B
MREBFET S 2 —DAZIHEiONRE Lzt 21X, PRO-ACDEHE K
X BASELINE-S & b L, #AFHE S PRO-AC-S & HEARTEW.

BERS, BEHER1OLIHRNWLE 2= LTI, XTEIGREREMRLTD
BWENRE LT 2RI N0, BEOBEEEZEDLE 21220 TIE, L
Va—%2ZE L THhHREZERT 2IEFENEMEHEER 5. £,
411 2BI 2 EESENE - EFTHMEDM /712OWT, PRO-AC & EERTHiD$E
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RFFEDEL BoTW0WBR I eh b, BROBEZED L L 2 —2FHENRICL -
YEIX L 2—NTERINTVALTORBIN LU TRET 2 2 LIZRET
Mizm EXIEEZ2ICORNREZEEZLHNS.

3% 4.10: BEXN 19720 DL B 2 —12xt3 2 R1EHECE 7LD N FiHii D45 R

Tt JETURME WG B S ReR
BASELINE-S | 4.61  4.57 2.57 0.371
PRO-A-S ¥4.39 *4.29 %283 *0.665
PRO-C-S 471 465 2.79 *0.482
PRO-AC 470 470 ¥3.27  *0.619
PRO-AC-S 447  *433  *281  *0.594
Gold 470 485 4.04 0.70

K411 BROEEZEL L E 2 — 10T 2 RELERE T VDO ANFRHI DR

VBT JETTIME 6 At o1 = K
BASELINE-S | 454  4.27 2.48 0.296
PRO-A-S 4.27*%  3.99* 2.58 0.473*
PRO-C-S 454 4.30 2.81%* 0.329*
PRO-AC 4.60  4.73* 2.61 0.232
PRO-AC-S 450  3.97* 2.73% 0.466*
GOLD 456  4.82 3.94 0.596

4.4 RIEDERH

AT, ERICH D ENRERZHNC, RETFEOEMMERHESEZ RS,
H23LE2—IZxF 3 BASELINE-S, PRO-AC-S, GOLD OiRE% 3£ 4.12 1”7
CDLE2a—TZ—¥RREEZRLTWEDIT RO EBEEE0REN) [ABD
BE| Iy —0RE | D3HETHS. BASELINE T EE DR 20 LT
LD#ESE L TOWARWVDIIH L, PRO-AC-S T3 20EMLTICE R L THSEL
TW3,
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£ 4.12: R NT2REDHI

LEa2—

R{E

BASELINE

PRO-AC-S

GOLD

FIRONIC, EEFMER
B R AN TR L,
FA4 FDOYTLITITEHE
MHBIEAITE, Eo
ORI =
B2V RD OFITFFEH
KDEWHT, WE T,
BEZDTH A NTRVH,
BREEDZWV, SYEE
(—FLAR) I JREREET
X P HEICHVEE L F
TF—=ALTL ¥ T—
HETE D, BN
G O BN B85 % AR
HLZELRZ, XKBEIZ
YETRP-72, BHEIZ
EMoEENL, Wik
NAETLR, BLFRIX
ZARBRIZF 2P TOR
WV, o 2RBunEp, M—
—m7Zg., KiEoLEY
& (?) BRCERD o 72,
IR, BEILEL
7o

BYI&E & o iR
OFFL TR T
RKrBHUBRLZE
LTHLERZEW
FHATLR, BR
BRACTRE IC B
LIEIFA L5, A&
v 7—R%H LTS
DEJ, ZOEIEY
AT VR ZHHTE
EFELTHICHD
MeHTXVET,

B — LD TR
PHNZ O & F LTI,
A E R BHNTE
LELEE L&D
BHEUHL ETZE
T, TR\ E
FLVA bt
TIXWETH, B
BRICIRKE B
moumLELEZ
L EEL BEUH
L EiFgd, BUE
=R EFHE IO
=X LT BEM
I R R BT
BLELAEHEZD
O BHEUHL E
TET, v 7—0D
HETIEREHR LR
TEWEHATL
=, SHRID XS
HPARWE S, A&
v 7 —[AfEE L TS
hET,

Lo ATz
XWVET, EHIZ
CIEHREZE LT,
HichHorne >
WL, Tt
WIEE F L&
WBELELTIE H
X % T B ER,
WELTENVD 72
weREnwks, 45
‘b, ARZEHEL
CBFEWERLE T,

FRARWRLELE 2a—2WZ7E L, HEHEETLVCHELEERYY, #

NZENDLE 2 —X % AN LTPRO-AC-S DIRIEAEMRE TNV TIRIEXEAEML
TRER AR 4131 Y. HHHEDHTNZB VT, 0FE B HEINTVWARWY,
LHEEBCHEINXTHE e 2RT. B, IBEFETIEBHEIIR
Do 7o XA L TGRIEZAEMRLZ VWD, K413 TREBEZEDLDETNVIZE > THE
MENTREERRLTNS.

HIEHEICEERT 2, D3EEEEHEETADPEMIEH TS Z DD
M5, FIZIE, ss DXE TRIBBIIR» o7 THD, FHETERWICHEDLS
3, BEERET T TRIBSG) CBELTHEL WS, BIEHEONLHE 23
WETOIIH LU GRERERL, ZOFEEMENHEEITS &, AKHFEET 2
RDEDIZVEMEICH L TH#HIEZ L TLES 2 icks. L, HEHEETV
WBZOXEHBTIERVWEHEL TWS 20, RIS I3 2#5EE2R TN
KEIQWIERE RN, —HT, s DEIICEFE DEND X5 R EHBETIX
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BWEHELED, s10DEIICE B IZVARWSUIH L TEBCHELED &,
WEORMD D 5.
HIHCHESINX I L ICREXEERT 220 FERICEL, #EDEM I
ERTAL VI EHNDRDAREERIN TV exbh s, BidLz@ED, &
DL a—T MBEEORN) TREDORE) YV —D#lX] 205 320D
HMTARMPIBRRSNTED, ZA5EE LTIENRER s, s5, s¢ (CRAIN
TW3%., ZLT, ZAZhDOXIIH L TGRERZER TS &b, REKEMICZ
LOEMEDETUIHN L TER LZRENMEFLNTWS. —J7, 1 DDEMEIIHT 5
REBEBDO I L > TREINTWBZe2dh 5. HBEFTERE, BHEZ1-oDX
TRENTWVWE I ERELTWSE D, ZOXIRIGECERREEZENRT
ZAEEMEDS D 5. BIZIX, TREEEDRN) v BTN T 2 RIS 51 & X sy
TIRRBEATWD, s I T ZRET MBBMEDEN] 12, s 1T 2IR(E
T A b ICEKRL, ZhLERE L THRENRIREZERL TWB 2, 15
EDOREN] & TH A b OMFRCERTIDEINETHE2LHE25. LEa—
PAIETHET 2D TIERL, BEEZ 12773 E&L v -0 ET 32T,
X DBEYNC I —FORMICEZ ZRELZERTEZ LEZOLND.
BRIEERETNADNERT 2ICHZRAIT S, 51 DX EEEL— 2L DRA |
CEIEONBEZ S FLEVHZONTVWARIRELDH S —HT, 9D %4+ %
56D %7 —| DEIICVLE2—NOHEBERR-T, ZRUIOWTHSELZ TS &
WIOEEDBZEW., ARINEIXDDHEOANYV =2 a3 VR, I~DfFETIE) ®
([~IZoEFF LT REDERPLEBRE B EZ XA SN, Tz, T
WX T 2WEBREIDBRD L VS 23D FEHDERBTE TRV, BIKRDIREERKTE
FTUZEAED X5 RFREND 5.
BEXOREMNIICE LTI, s4 D (F20ZHMHAZLEDBEHEEHL EIFT
BOET) gD [F0BBLELIDBREBHLETTBYET) ol
PTVBXRDH o7 &, sy DHIRENTWS., —HT, 358 THRARZED,
BHZELSUIBA LRV 212 L TWA =, FE LR E2ZE2IEHRRT
X TWVWARYL., MENHIC X > TEONLZRETIE IBECHL EIFE3) TKD
LZNDHEE, 2K LTIRICKE>TLE->TWVA.
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£ 4.13: XHITRBEZERT 2 WHDOH
5 FEILSZLE 22— wEHE AR E NI
s1 | ETRONC, 2EEMR 1 ML — ADZRENCOXF LTUE. SAMEEZB
5 KA WNZHE - TRRL W HIBRLELAE, DIDBEUCHLETES,
Sy | A PO ZTHITIFEEHR 1 W EF LA PO TIXWETH,
MHBEAIITY, o BEBICCEZREBHIRLE L2 2ELSB
DB TITEROITE MUOHLETEST, 5B RIDRVE
2Y/40) 5, ARy 7—[@Y—YZADM FICBDHTED %
T
s3 | R DOFIEFEHKD RV 0 BERICWIRE AR RBENEXETLEVEL
73T, WETTY 72, DEDBFECHL LT E T,
58 | BREDTFTH A VIZRW 0 BEEBOHTIEZHKREZBHENIIEL E L THLER
A, BEED RV TEVWERAT L, 9B ID X BREIRVE
5, ARy 7—RBHLTEDFT, £DIF|
HAELEDBRELHLETFTED T
ss | BUIEE (—FALHR) 1% 1 BYREoRERBICOXE LTd. BEHRICS
R TETEEICE REEBHIH L LAEE2LLYBEUHL L
WEE L E S —ATL EXR
s¢ | Y T—DEITES 1 SrV—DHTIIRERH LIRS WERATL
SHIDESBEITVES, BRAZ Y 71245
BLTEVET, $L0BBLELIDBRHFLH
LEFTELET
sy | BAKINCIEIBR OB WS 0 BERICIIKRE ZREK 2 BRI LFEEL
GERAFHLE LR XD BHEUHL ETFET,
ss | RIBBIEEE TR - 72 0 KIBBIZOEF LT, THMEZBHIHLEL
TeH, DAY BECHELETFFET,
sg | BREIHEMOKZ 4D 0 BEHONFICOEZ LT, BRI AR
L. WEHNETLE Bz B TLEVHICHLIRZEWEERATL
T2o SHRIDEIRENLVES, A Xy 7
BELTZLET, 08B LEZLLDBRHFE
HLEFTBh XY
si0 | BLERRZARICFE: 1 BERIERZEMPR BV S TLEVEL
AT TV 72H, DEYBFECHLLETFES, %D LS
REDPRVE D, ARy 7—[AfEEL TS £75,
s11 | o ERWED ME——5 0 BoP DTHAITZEMULICL T LR WVAICHL
I, REBoLv Y& RETSWERATL,
(?) RERCERD - 72
s19 | TN BEILEL 0 H oL DITHITICAPRENE ZBETLEVH
7= WHLRZXWEHATLE, DEDBHEUHL
FiFEd,
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4.5 ChatGPTIckB3REERDER

KHEFFEE 7V (Large Language Model; LLM) OHNIZIE, FED R R 7
D7D DT — X2 BEe 3, @Y7 ar 7 reHWs 8T, HKiAkH
RSB R Z 7 I\ZHIETE 2D DPFET 5. i, 2D X572 LLM D 1 DT,
OpenAl 233 L 7z ChatGPT4] 251 EH 28O TW5. ChatGPT &, GPT-3.5 K&
FGPT-ARDETNEFRICLTED, ANHDZ 4 — F Ny 7 2R L 258 b5E
(Reinforcement Learning from Human Feedback; RLHF) IZ & o TH#HE XA TW
%. RLHF OE A& D, ChatGPT ZABD AN U TRk B &M% 2 AR 3
RN RO X 51Tk o 7.

AREITE, ChatGPTICL o TL ¥ 2 =23 2EEMRDIREEAEMEE, Z
DR Z FIRINHREES 5. T T TOMAELTIE, GPT-3.5 X—Z®D ChatGPT iZ
ML, Urorer 7252, REEZERT .

MR EHERIC T2 1L a—Td, ZHIH LT, miAlExE L
TRIEZELTL &N,

EEDOL VY 2a—t, ZHUIH LT ChatGPT R L 72IRER R 4.14 1R T

ChatGPT AWM LRER R 2, L a—TEKINERMHIOVWTH 21
BIZRETETED, £-ZFRCHTABREDIERLTVA IR THh 5. —
HT, XORIXERELTZ2ILICE->TEZLOBHICHLTEMT AHEALES
N, TEMICEL TEEREIR 5.
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#£ 4.14: ChatGPT I X W AER XN K(E

LEa—

ChatGPT 12 & b 2B X L 7=R1E DH

SEHBMERICRD FL
7o 78 Y FDTITH
UGB H H ROWHIRT
L7z. 7272831 &KL
AT IVIZIHD R Z
FTERZDTTH, Z
DERTLDOHEIXDD
EETHAENZVIRE
LBZAFELR, £/
BHEGM LKA RLRE
2, —HDR X —}
W BEBRATT
e TbhbHyHIYLE
L7z, HEITE S 7D
NE. 74 F U<
THRR, £/
PRART IO ED
LT TBOLWTT &,
REBHEEICR S L =
BREBINTEI %

THERWZEDD e S T3 0nET, BEKIIZYE KTV
IR WEEE, HICHONE S TXWET, /2. 7R
YIRRZX Yy 7OMBICE L TIHENRBEELWEE, b
DS TXVET, AT, HBIETZ2 ZERIZONVWT
3, KEERZTIXVWE T, BEEDCHIRHFICRZ VR
DHAERBEEEFOFARICOVWTOZER., FICHLRS
XVWERATLE, BEMO BEZERICZT IO, 5%
DWERE LT HHICHREEETWEEEES, Bol»3d
BY, HBIEZ—HORX - 2EAT2 KUV ETH
D, TN\ Rro/zl L 2B RITIEDHTEY £5,
S, FVBEOEWHEZRMTEZ 258 L. BRI
RN T2 — R CIRMETEZ L5080 TEN
DT, XEADITHEIIBNTIX, XEINZYH—ERXTE
MWZTEB LD, ARy 7—FAETVW-LET, Bk
DEIAARTNVOHBIZEHL THSEZICSIE TV E,
HihzmbErEELTCEWD I, BELAIEREZBHFEV
TREDONE S TXVET, BEKD ZHIFRHICIRZ 5 &5,
S5 —BOENEERTEND £9, A I EHEPL HM
MIEVWELS, ¥ FBRBICBHISELZE W,

WIFLTET,
BRI R RFIR | BER. WOBARTAEZIHHNELZZELTHICH D2

THBPFXETHSH-T
F 3., SHEEHIDH T
B2 RIS E LT
FRETLEREFR
HEATd DU TWTH
B2 Z 22 DK
Hol72d HEDES
N o735 EHI
WEZ L TH H-T
ENRNTAEHRBRICE
BEXFEEr LTV
e BEnE L7,

L5 XVET, £ SO SHEETORREREBIC OV
T, MICHLARZXWERBATLE, BoLs 2D, fio
BEMOITEID PR A2 BRI B 2 RIET 2 T v e
EZTBY T, FFIEERLRIICBWTIE, A BERE
WKHEENRD ONF T, THEMWEEZ0WiL51E, 7LED
BRIZOVWTCEKE cofER 2L L, IR TWw 3R
L CEZENZIGEITZA2 LHBDTEVD 3, BEED
BOLLTIWEWEE T2 X5, SRIEBEMHOFICE D
ICHIETE B KO RIRAT LADOMENICEDTEND £75,
BEED CRfE BER2IZ T RS, SH%OY— ¥ R [H EICH
DIHATEVWD 3, AL HBELZHBN I I WE LD,
O ZFBRBRICBHISEL XN, 0 MHELIDB
BFEHELTEBY £9,
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EHE HbHDOIC

5.1 WHAEDOFE®

AHFZETIE, EHMERD L Ea—II LT, ZHERERHETHEREN, 2oL ba—
TEMEINTVARETONHIIENTIRELZERT 2 2HNE L, 2k
FEWT2FELZRE L. BEFEOFHZIUTOEDTHS. £3, AR%
XOERY LTLa—2708 L= RS, HEHEETFMCED, LE2a—XTD
CIEEIPEPEHEL, HETROWXERIN L. 2L T, HECHES N
LEa—WNEANL LT, RBELAKETNVCE> GRIEZAER L. &EIZ, L
Va—XIZIEREINTREEHREL, RENBREOHTTE L.

HIEHEETNME, BERT 27 7 A Y Fa—=V 7 LTHFEELE BRXFINR
NT =Rty b, 1DOXPHMREINS (AHED1DLH7RV) LE 2—T,
EEZNUBHEINTZL 2 —2 25 TRV B a—2RBOERNL, HHEHE
ETNDIIT —& & L.

BREERETNGZE, BART 27 7 A VFa2a—=V 75232 THEE LR XX
FIRLF—&ty MIBIFAL Y 2— 2T 3REOHZIIBT— % ¢
L7z, 512, AT — 20820 X270, 2BEOTETI4NLEY VT
2iTo7z. 12HIE, 2—FHLE 2 —TBRTWBEHMERD BT 21R1E
PERTA7012, BHICER L TOWERWEREZIHTF — 206845 3 FIET
Hotz. BARRNCE, BUESL Y 2— L REDORGITFET 27 — XD ALK
L, 2N o7— 22 IR L. JBEREZIIT — 200 H 50 Uit L.
E2TOHFEIIOWVWT, 2 THOLE2—I1ZBIT 5 TF-IDF #EH L, Z® TF-IDF {8
D_EA7 1000 F D EHFEDO R a7 L, ZD A7 O LA 500 0 BEE % &tk
FEY L7z, 220HZ, UIDBIORENERINZ DEMHIT 272012, T —
RIZBIT BRED BB ZRINT 2FIETH o 7. HIHMRDIRIEZ 277 E]
L, ZZ2noTH L TERME a7 28H L, 20 6 30%D X2 ER
LTCHIBR L7z, ZOMHEOBRDIIT — &%, LEa—8, ZRUIHTEITDR
B oEMLERWETFAFOME Lz, EREZa71E, LY 2 -8B
% HiGE tri-gram @, T — X 2RICB T 2 HBEEOFEH L L.

BIEOHE T, ERTZRAEZRNT 2720, 2 0DREXHE D HEEEZ L
XNT-HREFEBETHID, ZAD 01 U TDHE, TEOL Y 2 — 1281 3 HEIEFED
BTHIBREXEERL, I —HOREXZRI L. 2L, BUELZEOR
BIREIZRA LW E Lz, BENTRELZITTOL ¥ 2 — L [ UNEF Tifs L,
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RAEIIRIEE L.
REFEOFOEETIE, HHHEE TN LIRELERE T BN FHE L 7.
HHHEET VX, BELT -2ty b 2IlT -2 7 A M T =220, 7
2 N F=RIZBI R EBEHEDEFRPL FEEE2HE L. Z04%E, BERT &
T 74 Fa—=V7F 5D epoch Bh 1 DRFICIEMR Y FEPROEL, Th
Z30.8877 £ 0.8901 2 72 b, HIHFHIEE T VDOMRED @ W Z & BHER L 7.
RIBAERE T MTOWTIE, HEREHGE NFFHEZIT- 7. BEIFHMETE, 3
T =R T 274 NE) Y TOHEESLXBITRELERT 2060728 TH
J72 6 DDOFERLEBL, AL 72i1R{ED BLUE-4 ¥ DISTINCT-4 282 H L 7-.
BLEU-4 X7 4 V&R ) ¥ T ERATORONR=ZA T4 U R—FEHL Kolz. ZHIE7 4
VR TR E U W DIERS DR XN D Z e N2 0D, -7 — &I
Bl 3 EROBREBIZSEMINZ , WE THE n-gram B—HT 5 Z 2207
DrEZ SN, DISTINCT-4137 4 V&Y ¥ 70175 FiEOHBEL, &
AXDT7 4 NEZY &Y, Y ERDEXOERBIGHIE N, NFFHET
X, REOTRGYE, IETRME, R, BIEESNBZFMEL . ZOMER, N—
274 EDBBHICENRLBEWVIRED 7 4 L2 ) V7 RITS5REFEDIZFS N
BHENENEGL Bolz— T, MG IEAR ORI 7IERN—2F7 4 v lt
LU TR o7z, BUES KRG - JETRMEE ML - A 7 0BRICH S Z
Ehbhrolz. BEIXDT7 4N Y VCERT B, IEEMESREIRN, Hil
MR EarHiidm< kb, YD BEORBDOEMIIHIZN TV S Z & HHERT
7. £, BUENMERDB LY 2 —ICBELTIE, XBIORERZERT 2 FiERZ
Z I TROVFEIZHRTENE MR e BEHELE L, TOREMEDHR T .
RERFEORMEZHOPITT A0, X=X 54 Y EREFIEIC L > TERK
SNFREZERL, BHECERLBEWVREDZ 4 VR V7, ERXDT 4 1R
VY7, XHEOBREZERL THAET 2HEOEANICE->T, EELWVERENIES
NTOVBHEFIEHEN L. T, HDBLE 2 LIERFRIC L > TRIERAE
3 2@EfEEHHL, L 2—xXonHl, HEHE, REOMEUHO ZHAZN
WZOWT, T EMEH L HIA T3 TH2H 2N L 7.

5.2 S#EDFE

A SR TR R FIROBMEDTER T X /12, 2ficB WV TEBOENE
FDIR(E (GOLD) OFHiifEA R b, ThEWMZ S ZEIETERD o7, 20D
2%, IBBEFRCETHEORMP L LRINTVWEEFZ 5.

AFFHEIC BN T, X285 2 FEEZ 5 TROFIEICHANBES MERN
22 —7, IETRESRTIGIEDS T D, e UTHRETHMEIE T $ 2
Hole. ZDD, BUSKRIFMEL oD, IENRESCTHGELZ LT 2 X5 7%
BRIEDHMENEDOFEEEZERT 2L END 5. RFFKICBT 2MANEIZ, X
DIREHHEZEE T 2 Z e THU LA ZRA L TW 208, fMiaLliX
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F+HOBERDBARERTHZILDBEZN. 20700, HELEXEERHTOR
LWL T 2RY, KDEARRBRREZERT S IO EMETEHIER
BRT 22D\ H 5.
AABITHHALZED, 2—HFiZ 1 2o0EHICHET 2 R %z 1 DD Tl
BRABREOXCE->TERPTZ2 D 3. 20D, LE2—%2UHET 2
RbHDIZ, 12DBHICER L TWBE Ny —IIZHE L, i Dy —I10
LCREEERLT, INSLEMET A2 IR LTEILNS. ZITD
Ryt—ILiE, XO—HTH3LExddbE, EBROXETLDHTFR M
BHEZEHDHD. 1 OONIEBDORBEENEGENTOVIUIZNER 2Dy 2—Y
WKHEILED, 1 20BENEROCE R o TERINTVWRIEZNLEE L
DT1IODN Ayt —I 2 LD T 20D EMETT 5.
BEERETNMICOVWTDH, R—ZAF7 4 VIZHRTHOBHICENRTES L5
Wi, ERAXOHBEBIHITE 2 X510, AL LT ~izo%
FLTCE R ~DHFTIE EWoleRZ—r0 XS RE{EIHEE T 2 EAS R
BNz, ZOMEKE LT, ETADPERLIZREBIINLT, BED 7L — XK
HE2RHL, BRELBBRETZ 740X —2EAT 320 HELRETLNS.
ZHUCE D, ARINTREISTIERZBELZIMDRE. BRI 2 Z2EMZ2A L
IHBZIENTEZEEZOLNS.
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KR ZHED 2 12H7=D, MENLR e FRINZEEZHD £ L TEEH
BTH 2 HHBEREZIRITO» 5 DE#MOBEEZRLET. £k, AIEEHRETH
5z FEMMEREE, HHIFRED X VN ICHRGEH L IR T
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