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Abstract: Efficient selection of suitable documents from large number of documents is required in various
fields. Some recent patent search databases provide a function of ranking and displaying the retrieved pat-
ent documents by the similarity with the query texts to support the selecting works. However, in the pat-
ent infringement avoidance survey, it is necessary to select the patent documents according to the relation-
ship with a product under survey. The knowledge of products is mostly in the memory of the person in
charge of development. Therefore, the selecting works relied exclusively on human. In this study, we pro-
pose to use the past result data of the SDI survey as training data for machine learning, and to sorts the
patent documents according to the relationship with the product. (SDI is to collect and check the docu-
ment regularly under the pre-specified search conditions.) BERT is a promising language processing model
for machine learning, which is announced by Google in 2018 and has achieved the highest performance in
various language processing tasks. The current Japanese BERT models are pre-trained using Japanese
Wikipedia and have large size of parameters, which requires too much computer resources to execute on a
general PC in a company. Therefore, we created a Japanese version of the patent-specific BERT model
and confirmed that even a smaller parameter size of BERT model exhibits the same performance as a cur-
rent Japanese BERT model in the patent ranking task. We report the effectiveness of the proposal and the
BERT performances.
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Fig. 1 Workflows of patent surveys.
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— 22— )VA v b7 =72 (Recurrent Neural Network :
RNN)[11] D L) % h—=2 v DY =4 ¥ AR % R
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Fig. 2 Structure of BERT model.
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T HE 3% 4 fE (Tokenizer) T & [Vocabl &\ 9 fi &
T7ANICHEDETIFA MY b= VRGBS N,
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F7 k) HEE LTk tarv T4 a)r w9
2ODH T T — FIHEIT 5T, BEEHNE R
WP EFIZ[UNK] b= V2 HHTIENTES.

HEEH ALK (Word Embedder) Tlid b— 27 ¥ HAL
TR#FIZEF SN/ b —2 ~ ID %" Hidden size D& A
BNy MVIZEE N T 2— %8 (Encoder 0) (2 AT
ENb. FEFIZIE Vocab_size D b — 7 Y SEF I LT
T, 120 b—7 ¥} Hidden_size DIRTED N7 N VIZ%E
ENDLDT, ZORIEHEB T ESEER b —27 v 0FEH
PHOAENLZ &L, T aA—=FIZANTED b=
7o (XOFESITHY) Rk —7 v AE (Max_
seq_length) TH O LOETIVKEIFFICHERD SN TV D
DT, TN AANIZYNHETOENS.

I a2— B3 (Num_hidden_layers) I I —
FIZXoTHBEENE, oL ya—FEohTyF
Toa VEHEDMTON, A1 b — 27 R AN
DIABNT PVIZE o TRIAESIN S, EHIZ12DT
I—FREORTIEY L THBO T 7~ ¥ a3 YEHE;MTDbIR
TBY, WBH%% Num_attention_heads TFKT .

I a— ¥ ORKEDSIZEFHED [CLS] IZxHIET
Hidden_size DDA AKX MVIZIFHHLY 728, 5
5 A7 O4rHHZE (Classifier Linear Layer) (ZAJJE N5,
GRMREES % 5 A7 \X 23S A7 2 HDT, 78
FIEFB L CAB O TEERISHIS L 728 (Positive,
Negative) % /194, MFIFEREIIEINS O &%
fiT—% oEeBEMRME LTEEL, gHED /YT
A=FNZTA =N 7 §hLEHIZ, Trya—FED
T A= LT L.

FHETERZIZ TNV DT — 7 MEFEE BT T
WIZATIE N, HEEOHT] (Positive, Negative) % kb
BLTANEIIHT 208520 5. F 72 Positive &
Negative DIHD =% FFAIfE & LC, A7z XFED T
VX UTEITH)ENTES.

Google 7* 5 3F &N/ BERT O 4V ¥ F VHEIZEE £
TIVIEIEFE D Wikipedea & BookCorpas [15] & fi> TE T
WHMER & 7z, £ o H TR 21U 7% BERT-uncased & \»
IETINDINT A —FZFRI1II/RT. Z 2 Tuncased 1T
ANEND LT HRRLTENLTORN 2T, TXTA
LRICEEWZ TS 22TV THL. EFIVFA XIS

#£1 fLEMZ BERT EFNVD/8T A — 5 EPEE
Table 1 Parameters and performances of typical BERT models.

X 5T Tiny 5 Large £ TOETFIH A AHEHREINT
Wb FEEIILETVILE T, BPE % ffio 72 30522
D=2 VEETETFIUIMER SN TV A,

3.2 EEREIFERETI

BRSOk % o 7o ST S £ 7V I Google 7205 2020 48
AR SNz 5. TOETNVIKREORTFARO A%
ffio THAFEH ENTEY, BERT-uncased TflibIL7-FE
FNIR LT, FEFFSCBRICHR A 2 HEEA 1 2B L T
% [16]. ZDET )% Patent Model & K U/8F X —% %
F1OTEIIRT. AR TIEHAREROFFEH €7V
DIERIZ 7o C, FRFHEHET VOMRE A ) VTV E
FIVE T AEE R AT o 72 KRB Y 2 2 & LT
SHO—-FEWEET LI A ZERT L.

KENZHFFFF L S N2 BACHFE, BHOEHN 2 RT
Abstract & FEMN 722 SEBHNE % 3B 3 4 Description &,
AFOMEFFPH % fE S8 5 Claim 2> 5 E N TV 5.
W Claim 3B E T N T 2 AV — 55K IH O He F) #6 B
WAL, FEHORHEZR BESCRTAAEIRH I LT
A F 7S B &5 %2 Corporative Patent
Classification (CPC) &\9 I— F25, BRINEFFFT & oKIE
BTG ENb. R212CPC I— ROBIZ R

COFEI— FIZaifoT VT 7Ry N BXOHEE
[/] TRYLNZ2 0D FTTRERS NI, 25 T O %
FHLTCVWD, ZoO5HI— FIZENZESEL - T8
D, F£20O60TIE HOIB 257 — 7IVEZBFR 9 % Fi4ir T,
1/ & 7r —7 V&R EIIaEr ol Ens L
TORED1/0231E 7V IEETHEILEEELTWAD.
B A O L TORELTIIA~HBLI P YD 9T
RT3IIRT L) REMEHMAZEL T, o HOIB X
BROTEHTHH I EERLTWD, FFFFCRICIZEED
CPC M52 N TV 5%, LIHD CPCIEZDIFTFORD
BMLEmER 2R L0 S, SREIEEFVE O LY

F2 CPCa— Il
Table 2 CPC code Examples.
HO1B CABLES; CONDUCTORS; INSULATORS; SELECTION OF MATERIALS FOR
THEIR CONDUCTIVE, INSULATING OR DIELECTRIC PROPERTIES
HO1B 1/02 . mainly consisting of metals or alloys

HO1B 1/023 . .{Alloys based on aluminium}
HO1B 1/026 . .{Alloys based on copper}

%£3 CPCI—FtZ7¥ar LNUVHITNE

Table 3 Technical descriptions in section level CPC codes.

Model Name Model size | Corpus V(SJiCsz hz\(‘il:irgn attN:nTin H'Sdi‘zj:n CTe SES,\,Clmt,'fQLtm TIES
_ " leyersH @heads B |PERFORMING OPERATIONS; TRANSPORTING

BERT uncased tiny Tiny 2 2| 128 € [CHEMISTRY: METALLURGY
BERT uncased mini Mini 4 4 256 D TEXTILES; PAPER
BERT uncased small Small Wikipedia+ | 30555 4 8 s12 E_ |FIXED CONSTRUCTIONS
BERT uncased medium _ |[Medium __|Bookcopus 8 8 512 F MECHANICAL ENGINEERING; LIGHTING; HEATING; WEAPONS; BLASTING
BERT uncased base Base 12 12 768 G PHYSICS
BERT uncased large Large 24 24| 1024 H ELECTRICITY
Patent Model Large US Patent | 39859 24 24| 1024 Y |GENERAL TAGGING OF NEW TECHNOLOGICAL DEVELOPMENTS etc.
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TAHIENHWZOT, RHMHHEZR CPC LA 1 H 2 24y
POHHEETHE A2 (CPCl_abst) &, $—5RIED S
ETHY A7 (CPCl_fclaim) %{7-72.

Fl, —MLFOIAZELTRELHMONLTWVS
General Language Understanding Evaluation (GLUE) @
Hrb 2008 A % %47 L72[17). MRPC (Microsoft
Research Paraphrase Corpus) &4 ¥ 74 V=2 —A Y —
AMBED LN 2 OO LEDPEHRMIZI—HL TV L 1%
HET DY AV ThD. SST-2 (The Stanford Sentiment
Treebank) (ZHLH L ¥ 2 — A HEWN LB EN 2% HET
5 A7 ThbH. FHOFME LT, IhH220085 A7
flio TEHti§ 5.

FHIMRGERE R A R 4 IZRF. CPCl_abst 3 & U8 CPC1_
fclaim & HIZETNH A ADKE L %2 512> THEDTE
% 2 EHHERRE 72, Bert_uncased_large & [F] UE 7
VA4 X O PATENT Model & CPC1_abst T & i \»
0.798 DFEEXZER L T 5. LiL, —KLHFEDI RS
TIHET VA ZDKRE 2 B0 THREATALE L T
%5 2 L IXWEFE T & %25 PATENT Model i¥ SST-2 T
0.885 O F§EE, MRPC T 0.874 D FIfETH 1), Base 1
RIZDi7 R WREE 7 2 T EHERR S Lz, loZ k
M OYFRFE T T OVIIRRFICE T 2 2 2 7 IR Wk
ST LD, W LEDOF X7 TIIAR TRV & HFERE
T&7:. FHHHOFHELFo> T3 2 & TRAGEDIES
Z &b, FRFCEICEA OCEORE  FHiEE T TV
FHLTWLZEDPERLHENL TR L.

%3, BERT B OFIEKER Lz LEEL L, £7)V
A X7 Large D 7T VIIAHER A2 TR L7 FEBRBREE Tl
BEL 2. 20720 Web LOFIHEEERTH S Google
Colaboratory [25] Zflivy, T % 4 ADtEERE A X EY
LV AE)EFRERECHERT HEETIT> TEML
72. Base ETNVTH —M PC CIE—EICLET 57 —%
& (Batch size) & 8 ICHIBRL 22\ EBfEL 2V DT, ¢
T OMEFIZEE EED Batch size & 8 & L7z,

3.3 HZAEEHR BERT
BERT @ H RGEME 7V & L Tl HGHE N ge bR
(LLT2 NICT) 75 H A5 Wikipedia % 2 — /A & L /725

T4 IEFEHET VORI

Table 4 Performance comparison for patent specific model.

A8 L2ET VAR ENTYS (18 TOETIVOHK
RS O LR, BERSHOBIC BPE 24 L
72K 3 HEEDFEEIC X A E TV (NICT Base_32KBPE)
&, BPE #flifl&FICB X2 10 HiEofEH 2 fio7-€ 7
)V (NICT_Base_100K) »gflis T3

Z DMK [19] RHALKF [200 225 b, [EkZH
KEE Wikipedia # 2 — /82 & L7ZEF VPR E R TW
L. WINb A VS IVETIVO Base B £ U Large D E
TN A X% LI TERSNIZET LV TH L. b
*FHLCHAGESY A7 IC#EHAT 5 2 LSl REZR BRBEAS
FEoTETD, L Lads, HAREOR % o
ZHEWEEETVEBIRER STV, SEEERUCIFT
BHHETIWVOBEMMEIZFRMRFETE /20T, HAFHERTD
Bk AR O — SR & L BT VR SR R S & L7
TR Z A7 I LTEDBLTWE 2 EFHEING.

3.4 HARRBRIFTFEREETIVOMEK

ARWFFE Tld H ARFERFET Lk % = — /8 A2 L 72 BERT &
MFEE TV E/ER L, NICT 25ERk L7-—fET L&t
45, NICT LRIERET NI A XTIEETVDOINT
A= 11 TIET L7084 O PC TIHEFRALE D
LEMETE W, NICT ETFNVOERICIE T T 74 v 7
A= F (NVIDIA 1% Tesra V100) % 32 BI&# L7z~
Va—4T7~9H% L7, & NICT®D WebX—I D
18] THEE SN T D, ABIETIE, @EDT T 714
JR—=REHEHR L -—EWLZPCTLRIAETE S L9,
Tiny & Mini & W) /NER/NT A =54 ZDET IV & /E
B L 72, Max_seq_length [ZHFFFOZE 23 BB L ZILE %
A AL LT 256 %R L, Batch size d KIMFIZHHES LT
32 & L7z, M L720RaF AHd 2012 20 5 2017 4RI
B S 7259 180 DR AFH = H - 72b DT, LN
T =Y CHUIFBETVEER L. SNHDET VDI
TA=FEZES D TEITRT

I— 82 L LTIEER, #KHE, BLUOWMF2fo7E
TIVEER L7z, T AMTHEASEZEOS W M —27 ~
BERL-EHREEAIER L, BPE 20 EF V&b
BWETVEER L. 72720, BEHFERIE NICT ©

&5 FEERIMN L7 AASE BERT i £ 71
Table 5 Japanese BERT pre-trained models for the experiments.

Model Name Corpus Vocab size [BPE Cal. time [Model size y?réisneiﬂglesng B:itzceh
NICT-Base 100K aAE 100016 X 9 days 128%1M
Task type Patent task General Task NICT-Base 32KBPE___| Wikipedia 32016 O | 7days Base 512x100k | 4096
Model name |Task name | CPC1_abst | CPC1_fclaim SST-2 MRPC Pabcl-Tiny 100K 100016] x| 11h55min T
Metric Acc. Acc. Acc. F1 Pabcl-Tiny-32KBPE | #3rmi0-+ 32016] O | 7h40min n
- Pabcl-Mini 100K R 100016] x| 27h0Bmin|
BERT_uncased_tiny 0.715 0.716 0.807 0.807 Pabcl-Mini 32KBPE 32076 O | 2Thiomin ini
BERT _uncased_mini 0.733 0.733 0.866 0.820 Pabst-Tiny 100K 100016] x [ 10h51min Tiny
BERT uncased_small 0.742 0.736 0.875 0.841 Rbstalinyz32KERE : 32016] O | 7h33min
= == Pabst-Mini 100K R0~ 50016] x| 27h1omin — 256X 1M 32
BERT_uncased_medium 0.747 0.736 0.896 0.876 Pabst-Mini 32KBPE 32016 O | 21h0Tmin Mini
BERT _uncased_base 0.756 0.752 0.917 0.885 Pclaim-Tiny 100K 100016 X 11h57min Tiny
Pclaim-Tiny 32KBPE . 32016] O | 7h35min
BERT _uncased_large 0.769 0.763 0.937 0.891 TV o0R AR 100016 x| 27h05min —
PATENT Model 0.798 0.794 0.885 0.874 Pclaim Mini 32KBPE 32016] O | 2thodmin] MM
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E7FNVER LT, BPEA Y T 100016 ~— 7~ », BPE &

LT32016 F—2 » & L7z EFIVOBEAR R FHHE T
Faftdk ALIORT. E2HERFE I3 A2 TRL
72 PC % ffi\v> Tiny T 7~12 Fi[#, Mini T 21~27 ¢ [ 2
EL7.

HHEHoEmFEE TV EENEL, AEET VA X
e IXHRED K 2 B 2 &Y 3.2 HiDWFERE 7V THEZE
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Table 6 Patent publication ranking task data.

SEF REER BRI RS

2013 6912 631 6281
2014 5829 733 5096
2015 5179 747 4432
2016 5653 564 5089
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Table 7 Ranking performance evaluation task data.
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Table 8 Yearly evaluation task data.

Train data Test Data
Train data Test Data e T oEE |RmYE| AR |7 ORE|RmXE| AWK
el Erme F—SEE | GRXE | ABN | 7 SFE | GRXE | ABK ET 2014 Abstruct 2013 =0 5328] 2014 | B 5829
ET ALL Abstruct | 2013-2016 | B | 21216 2013-2016 | &R 2357 ET 2105 Abstruct | 2013-2014 | E#9 57| 2015 | B9 5179
ET ALL 1st Claim | 2013-2016 | B—3%RIE | 21216 2013-2016 | &—#KA| 2357 ET 2016 Abstruct | 2013-2015 | B9 | 16336 2016 | B 5653
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Fig. 3 ROC/REI curve.
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Table 9 Comparison of ranking indicators.

FR10 72 F 2 TUEREMGEESY A 7 DR

Table 10 Results of ranking performance evaluation tasks.

Giwesr | [1,1,1,0,0,0,0,0,0,0] REI AUC | NDCG
Goear | [1,1,0,0,0,0,0,0,0,1] | 0.333 | 0.667 | 0.875
Gyer | [0,1,1,1,0,0,0,0,0,0] | 0.714 | 0.857 | 0.810
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[ ET ALL Abstruct [ ET ALL stClaim

REI AUC | NDCG, REI AUC | NDCG
NICT-Base 100K [l ]0.832] 0.916] 0.925[ ]0.824] 0.912] 0.915
NICT-Base 32K BPE [l [0.825] 0.913] 0.926[l | 0.817] 0.908] 0.916]
Pabcl-Tiny 100K I | o.748] 0.874] o.865[l | 0.711] 0.856] 0.836
Pabcl-Tiny 32kBPE [ | 0.768] 0.884] 0.87s[. | 0.722] 0.861] 0.879
Pabcl-Mini 100K B 10819 0.909] o0.913[l | 0.799] 0.900] 0.913
pabcl-Mini 32kBPE [ ]0.823] 0.912] 0.9 ] 0.798] 0.899] 0.896
Pabst-Tiny 100K B | o0.760| 0.880] o.885[ | 0.727| 0.863] 0.869
Pabst-Tiny 32kBPE | | 0.772] 0.886] 0.859[lE | 0.728] 0.864] 0.865
Pabst-Mini 100K B | 0.790| 0.895] o.898[l ] 0.791| 0.895] 0.915
Pabst-Mini 32kBPE_ [ ]0.822] 0.911] 0.918[l [ 0.802[ 0.901] 0.924]
Pclaim-Tiny 100K |l ] 0.753] 0.876] 0.875[l. | 0.750] 0.875] 0.893
Pclaim-Tiny 32BPE [ | 0.768] 0.884] 0.893[ | 0.744| 0.872] 0.888]
Pclaim-Mini 100K [l ] 0.813] 0.906] 0.909[l | 0.798] 0.899] 0.909
Pclaim-Mini 32kBPE |l | 0.819] 0.910| 0.908[J | 0.800| 0.900| 0.897
Avarge 0.794] 0.897 0.898 0.772] 0.886] 0.894

Model Name

BRI AR
400 600 200 1000
E—EEKIE

o 200 400 800 1000

600
[NP% ;3
4 FRART-S 0= V¥
Fig. 4 Token number in patent publication data.
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® 11 FEFFM Y 2 7 OfFR
Table 11 Results of yearly evaluation tasks.

Model Name Task Name REI AUC | NDCG
ET 2014 Abstruct [l | 0.686| 0.843| 0.886
ET 2105 Abstruct [l ] 0.749] 0.875] 0.909)
ET 2016 Abstruct [l | 0.799] 0.899] 0.903
ET 2014 Abstruct [l |  0.718] 0.859] 0.900]
NICT-Base 32K BPE | ET 2105 Abstruct [Jll._ | 0.799] 0.900] 0.936]
ET 2016 Abstruct [l ]0.825] 0.912] 0.920
ET 2014 Abstruct [l |  0.717| 0.859] 0.903
ET 2105 Abstruct [l | 0.762] 0.881] 0.907
ET 2016 Abstruct [ | 0.786] 0.893] 0.895
ET 2014 Abstruct [l ] 0.703| 0.852| 0.901
Pabcl-Mini 32K BPE | ET 2105 Abstruct [l | 0.777] 0.889] 0.935
ET 2016 Abstruct [Jl. | 0.804] 0.902] 0.913

NICT-Base 100K

Pabcl-Mini 100K
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Fig. 5 Correct answer rate in ranking order.
F12  RAFHEO LB
Table 12 Unknown word appearance probability.
UNK rate
Ve ize| BPE Model N r
Corpus ocab size odel Name e Claim
HAcE 100016] X  [NICT-* 100K 1.78% 1.78%
Wikipedia 32016] O [NICT-* 32K BPE 0.25% 0.33%
s 100016 % |Pabcl-x 100K 0.35% 0.32%
B HRRR 32016] O |Pabcl-* 32KBPE 0.03% 0.01%
B4 100016 x [Pabst-*x 100K 0.32% 0.39%
i 32016] O [Pabst-x 32KBPE 0.02% 0.01%
mm 100016| X  [Pclaim-* 100K 0.39% 0.31%
e 32016] O |Pclaim-* 32KBPE 0.04% 0.01%
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Fig. 6 Recent publication ranking and classifier output.
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Fig. 7 Evaluation value by person for the top 100.
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18 A.1 EFEHHBHAZE BERT E7/VDE
B AHE

FERFELH HAGE BERT € 7V O FH1 48 W 0 % 5t S
%7R9. github @ google-research/bert [4] TZBH & LT
%70 7 LD tokenization.py |Z Mecab [26] 12 & 5 H A
LRI A TE L X9 BIEEZMA 2. -8R
2012 4E 20 5 2017 R IZ AR S 72Ky 180 J5 D KRB AHR D
PR L FERIE Ay, BB LT [[ZER] [RRE] HilE
VAT LAIBWT -l 0XH % [ ] EEOLFIIHIE
L, PACTFIEET L &0 TaATFIIER L /2RISR
T AT o 720 B EF I github O rsennrich/sub-
word-nmt [27] TR & 11TV % subword_nmt.py % ffi 5
7o WRERBNT SN/ b—27 » THIEBEEO LA 10 T
(BPEMEL) £ 37572 T (BPE& V) % #jl L NICT
ETNVOFEE LH U [UNUSEDY] % & & 4%5k b — 2 ~ 16
i 2 hn 2 CESk L7z, HFHIFE L pretrain.py & IRD /8T
A—F THEITLI.

--train_batch_size=32

--max_seq_length=256

--max_predictions_per_seq=20
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--num_train_steps=1000000
--num_warmup_steps=10

--learning rate=2e-5

182 A.2 PC DOE&L1E

FEERIAH L7 PC OBES Ak Z TRLICR T

0S : Windows 10 Pro (64bit)

CPU : 4 ¥ 7 )V ® Core™ i9-9900K 711t v 4 —
GPU : NVIDIA® GeForce RTX™ 2080Ti 11GByte
Memory : 32Gbyte

Storage : 512GbyteSSD + 2TbyteHDD
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R EINCETE, R TRY: AW A7 AR
Wt R IR AR

Wik B (ExR)
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1990 4F B TR S K2 Bt T3 R W 7e B 4
MAME T, T 1987 4E NTT WFgERT
EF5. 1997 4F B R TR TR Bl .
B, WRUETRSERFR LM EREEEE. avEa—%
7774 v A, WHAL, TERLEZ EORFEICHES. K
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