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ABSTRACT

Patent laws in various countries stipulate that inventions identical to or easily derivable from prior
art lack novelty and non-obviousness, rendering them ineligible for registration. To assess these
criteria, prior art searches are conducted. The evaluation of non-obviousness is challenging because
of the difficulty in assessing obviousness and the possibility of utilizing multiple citation documents.
Therefore, an artificial intelligence (Al) model that can preliminarily filter prior art references
relevant to non-obviousness determination would enhance the efficiency and speed of prior art
searches. To address this need, this study proposes a deep learning model that automatically
recommends additional citation documents corresponding to the remaining elements of an
invention when provided with some elements and the corresponding citation documents. The
United States Patent and Trademark Office (USPTO) patent data rejected because of a lack of
non-obviousness were preprocessed. Six models were trained based on the bidirectional encoder
representations from transformers (BERT), and the performances were compared. The model
TRP-Pat, trained using a contrastive learning approach with BERT-for-patents, demonstrated
significantly superior performance. These results suggest that TRP-Pat can contribute to more
efficient prior art searches by expediting the process. An example of applying the TRP-Pat model to
prior art search tasks is also presented.
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3.2. H|oJE| TX{g|

“USPTO Open Data Portal”-2 0]= E5]A(USPTO)O|A] &Fst= Q= &2 X|AIRjAF
ol B LS 0o} AL 5512 vk A AT TE choket HlolEA U APIZ
222 27|51 Qlct.44) 27l =l API Zof|A] ‘Office Action Text Retrieval API'= £3] AlA}
ol A AAkzo] A Iof|A EAI5H 17,692,9937145)9] Office Action®] A E]AE o]
BE 337 dEet I Alsetct

2] APIE E3] 3o =QEst 320l ‘patentApplicationNumber(ZYHs),

‘section103RejectionText(R1E A AHA o]&

ElAE) HlolE & e §, 7| x| A FefA 55|28 AH| A7 5|9 55 APIE o] &6F
of 2t Zd¥S ot gots "EY 37/IHE 9F IPC AE & ZII5ATY. o] AA7IA] Ho[E{9] o
Al= offie} 2t

o
‘applicationStatusNumber(Z YA EH 5)’,

s [Se3l WS [SaMEHs| pc ZE Fly 78 olg HAE
Claim(s) 1, 4-6, 21 and 25 is/are rejected
US 2023 under 35 U.S.C. 103 as being unpatentable
17451522 41 GO6F3/04 |over Tan; Min-Liang (20140143676 A1) in
0121241 .
view of DeClercq; Bryce L et al. (US
20210004327 A1)
Claims 7-9 and 13-17 is/are rejected under
15606759 us 2017 93 E04H15/62| |35 US.C. 103 as being unpatentable over
0342738 F16B7/22 |Lah (US-2008/0142063 A1) in view of

Baoging (US-2016/0060897 A1).

Claims 1 and 7-9 are rejected under

US 2015 CO2F1/78| |pre-AIA 35 US.C. 103(a) as being

14391381 0068983 161 CO2F1/00| |unpatentable over SHELTON (US PGPub
CO2F1/36 |2003/0000966 A1) in view of CAMPBELL et

al. (US PGPub 2002/0134734 A1).

ZUAE H S} 16191 732('Abandoned - Failure to Respond to an Office Action o] 5}
Yot ¥5)2 Alelstn w5 ARc,

= AgYc}. o] M IPC 2.2 2 Hlo|e 2 Wejads) o] 2] o
54 Hloleulo] A2 RS ShEAIZITH Bl g 2ojake 4 ok
o S5]L o] o] Q&L A1) Ropr} Aaunio] el Role} THE Aol MuHe U

—

ol

44) USPTO Open Data Portal, “About USPTO Open Data”, USPTO Open Data Portal, <https://develo
per.uspto.gov/about-open-data>, Z4A: 2025. 1. 17.

45) 71&Y: 2025. 1. 17.

46) USPTO, “List of Application Status Code and Descriptions”, USPTO, <https://beta-data.uspto.go
v/documents/documents/ODP-Application-Status-List.pdf>, 74A8: 2025. 1. 17.

47) 71me|A, “ZA|ESEE(PC) 28", 7]Z2]A, <http://www.Kipris.or.kr/kpat/remocon/srchlpc/src
hlpcFrame.jsp?myConcern=&codeType=IPC>, Z4A: 2025. 1. 17.
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Segel 132 st 497122 A8 olFeken weid IPC 2ES Al
A ChE 714 Hobg B nEsts HYRH HolEHlo] A5 WEo] o) 2 vl KR
< meksl 712 Almol uix| i), £5] ‘GO6F of] slgsls o] WAX 7} 7|4 Sof EAAL
“ skl QK] 9o} AFodo] xja] melol BERTO| Agtsch
£ 20] s7ge FEelo] ofsfof st =
AIgHabA L SPgs) shAE 4 Q7] TR0 S 9o} 5ol not mel
ohct webA] o} [PC Z.E 2 to]E 2 "e|Yst 2t 2ustcl.

<H2 IPCREL| MEZEAT}L 'GO6FO|HM Tl o= HAEE HO|HQ| OfA]>
seus [Eaids[EaNEHHs] Ipc 2 F= 718 olg HAE
Claims 1, 2, 4, 6, 15, 16, and 18 are rejected
US 2011 under 35 US.C. 103(a) as being unpatentable
12605510 161 GO6F3/041|over Kraus (U.S. Patent Pub 2003/0235452 in
0095992 .
view of Kurlander (US. Patent Pub
2005/0251800).
Claims 16-32 are rejected under 35 US.C
us 2012 103(@) as being unpatentable  over
13493104 0185519 161 GOBF17/30 Bhetanabhotla (US 2002/0167538), in view of
Camp, Jr. et al. (US 2010/0009700).

0]3 551935 U.S.C. § 132(a) 2 9% 7F4(37 C.F.R. § 1.104(c))ol] k2, AA2Re of
2] 7he] A pao] marel Eeo] ojsh 2t A PRER S5z SUR R Tst, 1o of
£ 7RI A ol 28 atel e;aok Bk T 2 Aokt Rela 2 o

i

<35 710 TEY AHE o|77t A= EL GlAl>

Claims 1, 2, 4, 6, 15, 16, and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Kraus (U.S. Patent Pub 2003/0235452) in view of Kurlander (U.S. Patent Pub 2005/0251800).

<dge §r 10| TEY HE o|77} Sl= EF GlAl>

Claims 16-32 are rejected under 35 U.S.C. 103(a) as being unpatentable over Bhetanabhotla
(US 2002/0167538), in view of Camp, Jr. et al. (US 2010/0009700). s AF|

RBA HA o]S BIAES AMHHEH ZEX 02 ‘Claims 1, ... are rejected under 35
U.S.C. 103 as being unpatentable over ... (A HA Q1 8-F319] Z7fHS), inviewof ... (&
WAl Q18210 BN ) O] FAE Mtk 212 HAIE 4 9tk 07|14 A8RHe B

48) T 2008. 7. 10. AL 200652059 A,
49) MY 2010. 1. 28. A1 2008526 TA.
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3= '2003/0235452(4xF2]/7AF2])", ‘20080275311(11At2])", “8,601,038(1At2],3xt2],3
KJ2l) . 8538563(7A12]) ] 47}4] FEIE IR, 0] 471A] 9.0 47t HElo] WA %
A1 250 WA 02 QG RASY] S5 TN LS Aoft.

<H3 QEES S/H=E FET HOIH OfAl>

s | ERSWH= TEY HE O|f H2E 2181 Sz | 2182 S/H=
Claims 1, 2, 4, 6, 15, 16, and 18 are
US 2011 rejected under 35 U.S.C. 103(a) as being US 2003/ US 2005/
12605510 0095992 unpatentable over Kraus (U.S. Patent Pub 0235452 0251800
2003/0235452 in view of Kurlander (U.S.
Patent Pub 2005/0251800).
Claims 1-2, 4, 6, 8-12, 14, 16, and 18-20
are rejected under pre-AlA 35 US.C
14063706 US 2014 [103(a) as being unpatentable over Hag| US 2008 Us 2008
0122108 |(US Patent Publication 20080275311) in 0275311 0275737
view of Gentry et al. (US Patent
Publication 20080275737).
Claims 1-2, 5-13, 15-20, and 22-24 are
US 2014 reject.ed under pre-AlA 35 US.C. 103(a) US 8,607, Us 7,107,
13787441 0258212 |2 being unpatentable over Plattner et al. 038 260
(US Patent 8,601,038) in view of
Nakamura et al. (US Patent 7,107,260)
Claims 1, 3-9 are rejected under pre-AlA
13672525 US 2014 (35 US.C. 103(a) as being unpatentable|  US 8538 US 7351
0129009 |over Barber (US 8538563) in view of 563 150
Sanchez (US 7351150).

Aoz MHdo 2 AEE E5| 5 29¥s W SYviHiset, O AA o]g9 &+
A7 E AEFH 13} Q1873 29] 37 H S S 23loh= TojE & A%ltt. 555, &+
& 1, A8 29] 37|¥ 5 0] 8519 Google Patentsof 4| Al-g- 0 & 415 1(H, A&7
oA & 10] AAE = 7P Al M SH3 o2 tiA)S A@‘é}% Python A3 EE
APdsto] tojel & ¥ H, 3549 & A7 o= 59 Axe g2 AR alE5Ac=2 1

wAo 2 AUH AIY TR0 KA 1, VBB 19] A |, AEH 20] B 12
OIFOVH EIOIE] 1302671 A51ck ole] 13.0267) 3 1007} €| eo]el g cov
2 At oA 12,

w0
S}
o))
N
=
rr
_|O|‘
m|>
e
A
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_Cl
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<187 Google Patents& 0|8310] %|F HIO|HE = 1t >
S RIEE51 1 S/ RIEE3 2 S/
US 20110095992 US 2003/0235452 US 2005/0251800

Google Patents

Edo=z AHEE

=2 He1
A touch screen system,|A keyboard overlay for use with|A method for executing a
comprising: a touch-sensitive display screen|software application in
a touch screen for detectinglof a computing system, the|response to at least one object
simultaneous touches at alkeyboard overlay comprising: |being placed on a display
plurality of contact points on|a keyboard overlay body; surface, comprising the steps of:
the touch screen ... a plurality of ... (a) detecting at least one ...

oIgEH 19 BT 1 QIZ2H 20| BT 1

3.3. 22 44 3 fine-tuning

33.1. 2Eo| /i

Aol AbE 222 5 670t o] & BERT-BaseS o]-&3t B2 372, sh<5 1 §lo]
BERT-BaseE ©]&4ll Hlo|EE UHIdstiL Q18wdS FA5he 2
BERT-Baseg 285 718 Qlo] st5AIA HolH&
(29 BCE-Base), BERT-BaseS T 2814 7]8&; £A7 l:ﬂonﬂ

|:l9.
é
ol
_O'y‘
=
rO
& mu oo
go MO m
ok
fujo
P
A
ol
o,
rr
K
Q

7 o]79] oé‘% £5] &4 1% O]Q‘ 1 alAl K’“(ﬁne—tuning)é} 22 Hugging face AlO]E

of Z/lElo] Q= 0= A A Ty IE }\]-_Q_o]-oﬂq 50) 67f) @Elo] M=o v p3ho 24 O
zsts 7YY aEs =Qlste o 1 COQloA] 7IRE AHLg Hojm:
BERT-for-patents o]-&sf] L3°] x| /g gols} A} stc},

r\r

O

<H4 A0 AHEE 2= F2|>

7|5t 2 ots Bls SHS(CHESES X) Sh5(CH=skE O)
BERT-Base 3 RAW-Base 3 BCE-Base D& TRP-Base
BERT-for-patents D& RAW-Pat D& BCE-Pat D& TRP-Pat

4 BCE-Base ¥ 24 BCE-PatoJA]= &A1 stag2 3X} AlE 21 £2A1(Binary Cross
Entropy Loss, BCE Loss)2 ARE5tiCH ffjxshs2 o]85H= 22 TRP-Base & 2t
TRP-PatoflM= &4 &F4a=2 Ee]E3ll IARQI &4 (Triplet Cosine Loss)& ARE-SFATE

50) Hugging Face, “anferico/bert-for-patents”, Hugging Face, <https://huggingface.co/anferico/bert
-for-patents>, Z2A: 2025. 1. 17.
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<H5 2 7k =9 Xo|E Fal>

=

23 7|gh 23 CHz=sks Ol &4 el
D& RAW-Base BERT-Base Bl= Rty -
2 BCE-Base BERT-Base X BCE Loss
23 TRP-Base BERT-Base ¢} Triplet Cosine Loss
D RAW-Pat BERT-for-patents g A2 -
2 BCE-Pat BERT-for-patents X BCE Loss
23 TRP-Pat BERT-for-patents ) Triplet Cosine Loss

3.3.2. REio| M

67] & = gl RAW-Base®} 2@ RAW-Pat2 A|Q]5t 47} &
(validation), E|AE(test)9] &A1 AHAItt. 2@ RAW-Based} 22 RAW-Pat

Aol 4% % ElAE TATHS X510t 239 fine-tuning AAR=

<38 ZHO fine-tuning FXf>

& RAW-Base, RAW-Pat

Qo 7kzy 8*%(train), e

=

= ofefe} .

D& BCE-Base, BCE-Pat, TRP-Base, TRP-Pat

Sl (train)

<«—— 10,3407} H|O|E{

4

ZZ(validation)

<«— 2,5867}| H|O|E]

4

HAE(test)

<«——— 1007} Hlo|H

| 2

MRR, NDCG, Recall@K H|ut

she W70 1A% J0e HASHA ofefe Zoksh AR ¢uto® AME AT

AEEA 1(a )2 THT HEINA, AE2H 29 H P 1 2 oA 3 H(a,), TAYZ
51) oAlolA A, B Zf §5159Y HFY 12, a, b2 72 U&ER 19 B3 13, a,, by 2 U&=
3 20 A7 12 4u1 st
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AEHRE CHE SJoll A 2F (e, ) 7HRIAL oA /g Al (a +a, )3k 278 AlE(a, +e, )& A3 dettt
211 2A(A)9] JHIFS ¥ AE(ar+a,) PP o ¥, 57 AlE(a;+c,) PHF e
9 Bluste} ZARI fALES et ol tiEstsS A8sHA] o2 22 BCE-Baseft
BCE-Patof A= Sdat 978 AE 1 ZARI RARE(OlsH 978 RALE)E 1L 9t 278 A2
ZF ZARRI RALE(0I5E 578 RAK=)E 00l 7P7to] 7he % sh&otet. ofof vl thxst 52 A
&3t =52 TRP-Base?t TRP-Patofli= 78 FAH=E 578 RAR=R0H 478 0H(0.2) o)
A5 oh5 ettt o|mf BERT-Base 3 BERT-Large] Q15T 9] 271 52} m=fu]Ejt o5
A1 L A] 52 525kt sh5E2 le-b= 275131l JE|uto] A (optimizer)= ot

(Adam)& AR-&-5HIT.

Sy I8 1 RIEES 2 _
UM MZ TP OZ HEE| EQIHTHA)Q|
1 A Q2= 1(a)) 1t 2= 2(a,)E Zefet
2 B A +ay
3 C

24 ME TieMdoR HAE ZALHA) 2

[=]
- IBEH 1(a)), A2| Ty T 22G=

FARI QAKE
A < ™ > A1+ —) MSNTIIRER S
} o 1z

FARI RAE
A ¢ At » A1+ —) st o= o
oM AH%

<310 2R A E x5 72>

sa(s) FH UE(a;ta,)
cos(a)-cos(f)=>0.2

S ME(a; + ;)

>

45 Whs 8% WIS AR 9 2Ee 43 oled Agsle RHo) nN
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T2} AL 8= 29] ALY 15 FARS 2 shugt 7t
A QL 7io] ol 1 BE 3Hoj| A g%—,‘}éj 291 4 U(b,, ¢y, .. ) 7P 13 A2
7No] 2uhE 2 (a;+a,), 99719 AR £(a +by, aj+c,, .. )t SLLY(A) 7HO] FARRI
FALE 100715 At 2 YFtt). 28E &Re(a;+a, )ut SAUP(A) F ZAR] fRALE
7HE RN A A olyiofl £5h=AE B, o] S v e 2 A5 A &5 ARSI A5 Al
H= Recall@K53)54), MRR55), NDCG56)2 AR5t} 57)
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Ul AUBEH 1 QAUBEH 2
SHIZ Z3(17H): FOIH U=
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e Tl Zasha,
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a,, b, b, ST GE A o]mq Chx] ESl0] EQXNS o5
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53) Recall@K = B )" Hit (wk)
ul k=1
54) Of ¥HE o AT 2A(Lul2 912-241)7t shtuh EAJSto 2 RecalloKs e 247 A9 K7f 241
I Yol 224 8-S 2ujgict
1 1Q| 1
55) MRR = Tar & s
rel; ~ DCG@K
o0) becee- ZW NDCGEK = Inccar
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4 A4 A1t

41. 22| ds

2] e

s+ 79223 (epoch)]

Fo2 Pl

[=1g

=N

BERT-Base 7|gt 2&9] MRR, NDCG, % Q. Recall@K A #+ o2t 7t}

<H6 BERT-Base 7|t ZH 2| MRR, NDCG, 8 Recall@K H|ul>

5014 MRR A 292} NDCG A #7} 7V 2 RS 7]

Doy MRR NDCG Recall@1 Recall@5 Recall@10
HH Raw-Base 0.1224 0.2781 0.05 0.15 0.24
B3 BCE-Base 0.3458 0.4829 0.21 0.49 0.69
3 TRP-Base 0.5191 0.6248 0.39 0.67 0.83

<1312 BERT-Base 7|8t ZHO| Recall@K T™H| H| 1>
104
084
« 0.6 4
®
041
0.21
—— 22 TRP-Base
—— 2 BCE-Base
— 2% RAW-Base
0 2 a 60 80 100

BERT-for-patents 7|8t 2&9o] MRR, NDCG, Recall@K A|#+= th2ut ZHc},

1=

<H7 BERT-for-patents 7|2t 22 9| MRR, NDCG H|1l, =8 Recall@K H| 2>

LEiy MRR NDCG Recall@1 Recall@5 Recall@10
D3 Raw-Pat 0.2737 0.4063 0.16 0.39 0.46
D& BCE-Pat 04517 0.5664 0.32 0.61 0.72
S TRP-Pat 0.6818 0.7505 0.58 0.78 0.84
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<3815 &9 5% dEES FH Zobk>

Calculating: 100% | IS = 1096/1096
0| 20| HMtst AIBEHS MAlg 2E2 78.00% 2 LICE

Publish numbers of top 5% possible prior arts (54 items):
['US20110185242', 'US7054331', 'US20100167557, 'US20110153889', 'US6662332',

'US20060087013', 'US6272453']
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