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OFF4(0f 25t B 2A| Al T-25H{0F SICt RS- OF 4| CHOtO| 2H6t |22 Yo chaly TN 3 &
TRHAS TR0, O A7t Aol Ty 212 OfL|Ch MEREIHOAM UBHAO] Ml A7} EF MEHSHZO]
AMNEE AA BiAISH=R = HE 7|0 THECE O|= AARR|ZI2 MHEF0| HAIE £ Z(species)O| A9 &

(genus) F7FO| 4ldof| D|z|= 2E HFotch MetM & e 2 & XY 2 =3
£ ez 2 2A| 7tsdE MZE THE A2 AEEtt. g e 220 et 222 et (C. [8][9]
[37]

2. STN 7|4t Op4| HAnp B0

HAHS

O 1=

CAS o] Markush ChE5| 840 ) SHEHE 2

S| AAM AA| Z}A|7} generic chemical structure

0|2| Z7i(enumerate)slf A2 st=

S Ad M-dAst| flsl HERS

A|AEIO| OFL|C}. MARPAT
0f, CAS 9| 27| =252
generic structure H3, screening descriptor, reduced graph, atom-bond & refined matching Z&
A& A ZAHE CHRICE [10] FCH CAS QIE{I|0| A0 M & Markush search = “generic structures matching

(== R LR
aquery’s =2 Z{A5I0 As Drawn 2} As a Substructure 22 AMZEE A &StC} [11]

CAS 9| 57 2t=0f T=2H MARPAT 2 130 2 21 O]9 ZM 7tsot 014 120t 54T A 0|2 & 53
AES +Eoth, st S5l= 2008'H 0|22 YIS YAITLt. CHE CAS H|O[EH|O|A HUES B 2 #2E
AAISIERZ 22 84A AlY-+5 RIS F23H0F Stk MARPAT 2 25 27[stetE- 124t 52| IS ZestA|
20, A = 2S5 E 2totH| MRl A== MAE 4= GiC. [3][12]
GHoM e E4 stgat YutAol & F=S HATHTHRE 1)

47 SINZ4 H¥-AZ 3Y A7 EzgRE

scaffold, !4~ atom/bond,
247u0] ot R-group, $|2|#0]|, stereo,  TRAYTFE-H-FORE

Specific search

Generic search

CEER
22t 23
UE T
=

salt/solvate Q| E At2H0|
mfot

exemplified compound 2!
claim 2| CHE species &
REGISTRY S0{| A
exact/substructure search

MARPAT Markush search,
L 2 A| variable
atom/generic
node/attachment 2712
z3

text, IPC/CPC, assignee,
inventor, citation/family,
reaction/compound names

hit patent 2| ¥ 2- &
AAO-2MY HE

AFARIB MM AS
HARZO| Z2| T

%IlA_h{A_l) DB: lc—El-ul’: T hlt
e
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Y- SMILES- 124 7+
cross-check,
tautomer/salt/stereo query
variants A

E44-5H& query
family Atz A|Qt
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citation/family graph £
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claim-to-prior-art element
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O] A2 PCT o| oisll AAMY|F &2t 2F BH=C}. 2026 Guidelines = 7t5%t 2 AAI2H0| AFE ¢St chemical
]|

structure query, database @2l 2 M| query & &5t search history £ 7|£6t=E HASHC} [13] T2tA AT
AARIO] “UHAES] 10700t 2ol AECH O 2ROIM O Uvketyt O|f]F 1, o STN query 7t
P

=9 BE4 StLIZ DiF 4| FTHYSIE HESIE HY Jhst 287(eh A Aofo] &4E 4 U 0|2

canonical SMILES +
Standard InChI/InChIKey
+ 2 & graph

_ Yeiot Y Stel=, stereo,
Discrete Molecular Graph © =
charge, isotope

Markush graph /
, 114 scaffold 2f variable CXSMILES A&
Generic Scaffold . o
attachment sites serialization + L{& graph
AST
R1E€ ..., 2|8tsM, He, .
. . l, IS . -,rl PMIR constraint
Constraint Layer A|2|, positional variation,
AST/graph

repeat range, R1/R2 s

claim number, definition
source, embodiment,

Patent Semantics example, priority/family,
cited paragraph/image
coordinates

Canonical IP Case Package
+ provenance

0] 80| West 244 0|8= Standard InChl 7t ®&| Markush structures & H95IR| 23517| WE0|C}
InChI Trust 2| 7|& FAQ &= Markush, polymers, mixtures S2 SA BT 4 Q= CHASZ HA|GHCE [4]
InChI 1.07 2 IUPAC2} InChl Trust 7t £QIst SA M|CH2| identifier O|Z|2F generic claim 2| canonical

identifier ¥&& 22l £&~= QICt [14]

Discrete compound 2| HZ3}0|= PubChem #AIX{ 3 validation, normalization, valence *{2|2} unique
compound aggregation= 2Z1s £ QICt. PubChem standardization2 contributor Substance &
T2EFSH Compound £ E85t1, tautomer/resonance  HE3 20| CHZC}. [15] RDKit MolStandardize
L normalization-reionization-fragment/metal x{2| 2 canonical tautomer 7|2 A|&5tX|2, canonical
tautomer = “7t2t 2t St tautomer”E S2|StstH S 2 FASH= 0| OtL|2t Y22l canonical representation

S 12 = AUS HEHS| SiCY. [16] 0| 210|= £35{2] tautomer claim scope 0| A £35| 2 25|C}

[ =2 [mm)
CHOtS Ze B4 10 7HRIC 2= Tha Z310] 20 7H0|T 33 12] ¥, 912 M, e Te| 52| 223 BrYstH
SO 23 DY 27t LY UCH
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SRy, 71 00[2] QA Ai=et HEHL 2 MOIE 4& LEA Az Helet F20| L=0 27| oM = 518

M MBI AL 7|2 AR E HAlSHL, B 712 220 2R ES £Y5t= WOl BHESIC, [1]

S A&ste 27t 24|71 ACLH MarkushGrapher 2 £[0|2 ¢11= +2 0[0|Z|
& e M2lotH 371 BIIAIRE AAlSCh MAE2 HA| AAR0|AM el &t 2ts H2| dsol StA7t

MarkushGlyph 2 =21} Yo|29| 28 QIMS 7HHdRR|e, SLe S71 7|0 HE F& == IP5S-M, M2S,
t

MarkitS O] 22|} 214 H| m3{Al= O EIC}. [19]
3.1. 37 0FR41 4 Q14| Wz}

MarkushGrapher-2 2| 2} H|O|&{Al daE= 53.2%, 56.0%, 55.0%, MarkushGlyph MV@8 2| H4+= 60.6%,
62.1%, 63.5%2 2IEQICk Ol SY WIS X85t 0[0[7| 14 Blmo|D], HPE| MY x&I| Holt

HETTO| d55 %ot =t [19]

O 23| FAO| UXTUOR WA 0Ot HEE 4= QUCh IR WIP|S HR 27bE RAMof o
LHoIL 2|8H7| Hel22| ofo| oot AHohE 4= UCE YA HAH E2E FIHRAIR0l= 72, 2[87| BIAE, 2|3
Hel-02 U2 2| HAPZE Z=[0f0F BHLt. [1]
MarkitS 7} € £ 0| OpF 4| 0|0|2|0f|A £ 15 85-90% image-to-SMILES A3t = 22 QAOAM FZ HARUAZ
=Hote A0 SHETICE Of M| Q14 IRt £ U0l Fat 22| 20|18 d5 FE= diMe 4+ ittt
7129 7lst Hish2 & 30 F2|StUCE [2]
AE CHAloflMe] =
INBIET z8s 3 e ma sy e
=O OT
Generic 22 curated proprietary,
CAS MARPAT/ structure Markush ZAH CHA|Of| AF2  coverage 2|
STN prior-art index, Al2 ts 22, hit=/
search AR A| HETT 3]
SN
) Az 0|0|12|=2 benchmark
;JZ“ Markush 24 3121, 2026 exact 450|
0|z ’
MarkushGlyph 1917 =X s 02} 60%CH,
—CXSMILES .
o benchmark substituent
= HoE 2 F semantics 7}
0|2+ [19]
: - AAE 2tE
2?_'. o
MarkushGrap  multimodal OCR+visiontte & e xalz
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AE A4 - =
IaiE z85 2 e ma sy e
=O OT
xt+layout Ot2|
Markush H=o=
her-2 recognition fusion, IP5-M =S ot
8 2) =7t [21]
Est
Markush correction =Ab claim prose-
MarkitS image~SMILE - o oo z;ology =R
2|2 85— =
s oo ° T zdeoid (2]
R-
. Lok LZA at.om/bond Lo =3/ table-condition
MolScribe . alignment 2} .
image—graph confidence Markush &2  semantics 7}
g TR [17]
local/global SlbHAl &2 ) generic claim
MolNexTR et TEA vision, B?[z;*;u:hm‘—*9~ logic 742 %
OCSR symbolic i =2 REASHR| YUS
chemistry et (18]
. rammar 7|2k, _
systematic i’; =20 | £& Markush
i N 24| AH| -
OPSIN chemical precision o)z s g  ProselFAd
name-—structu HERHIE
99.8%+, recall
re EH [22]
98.7-99.2%
. . open, generic
RDKit discrete
. tautomer/char O® =5 — Markush
MolStandardiz  structure . -
e 475 ge/fragment discrete layer  canonicalizer
° 2| BE 2X (23]
Standard discrete DB discrete =& / S Markush
InChI chemical interoperabilit Markush 5IZI ol [4]
identifier yol| R S8 gA4g -
=2 similarity
rior-art 7
GNN/chemical P ing-simi H|ZE QA S — ft. ivation/
reranking-simi . nticipation,
embeddings ¢ ,a & &2 7ts retrieval only a ) cipation/o
larity bviousness £
Kot S
SELY
-stereo'R
constraint 0| A
General fallback ) HRE WY
- + =
OCR-context textrimage Hge~z7t e,
purpose VLM ) HEXM hemi
understanding chemistry-
specialized
model &
[21]
Chemical name parsing0= OPSINZ deterministic parser& <2M AEs5t1, A 0|

-abbreviation-Markush prose 2t LLM 0| s{A5t=5 5O} StCt. OPSIN 2 systematic organic nomenclature
O 0§ &2 Y2 20|79 ¢ H7o| WIICHAT} S5 Markush 2912 SU5H| 4202, “OPSIN 4Z =

claim scope 2’2 2 2|2l M= O EICt [22]
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Al multimodal A|AEIO] @27t SHMSEY| 42 BE&22 Che atom recognition ECt CHE2| cross-modal
binding O|C}. Of|ACH RY, RA1, R1, R1Q| OCR E&, #+2 &9 R1 1t & 2¢t £|9| definition &, “R1 and R2
together with the atoms to which they are attached form ..” Z2 3312 27, “independently
selected”, “provided that”, “except”, “optionally substituted”, QX|7IHZAE, EBr2Ct
salt/solvate/stereoisomer/tautomer He|7f 11710|Ct. MarkushGlyph 7= variable definitions 7} prose:
RUASBAS 2R Z B3| 1D patent office 2 A|CHE drawing convention O] CEECED X|ABICE [1]

32 £51 GlOIE{OIME 7|9IRtRE MY P& Of218 4 QICk KIPRIS Plus & &7 ARIZAIY S Bulk/Open
API WAIO2 AB510), BH-SZTLHOIM H2T HESHS HBFCE [24] BPY US04 19991 0|8
AB3tD 2026 4 8 JIE O 3440 2 R2o|0, BEIE 5548 AIBSHE U APBULK 2 HZEC
[25] o= SH=0f H7E o[, MYl 98, 0l0|A ClOEES AFE I 014 WXTIZE T23H|o|

JZARE B 4 9

wn
rr

L

LSt ciEAQl 2| E5/23 KR102829082B1 2 2A! 0|0|R|0f|A atom region 2} bonding relation 2
QIAISHL adjacency matrix £ Pt & 2AtE ZoiZ MMote Al 25 S0 0l image—atom/bond
graph—serialization O|2= OCSR I}0| Z2|Q10| ZLf E5{7|=2 % 7SS 20 F= AT [26]

mjo

4.1. 53| 0t34| SUES

PMIR(Patent Markush Intermediate Representation) 14 7|2 X, H4Y S EE-A AT, Haye ¢t
=2 Ao, HE H, A0, =T 22t & 0|HS U AAS= SURTCZ Folstet. oOf2fe]

A=m~t2E 719 O AlO|Ct

ClaimMarkush
|- fixedScaffoldGraph
| | atoms/bonds / aromaticity
| | stereochemistry
| - attachmentSites
|- variables

| | R1: allowed classes / explicit members / exclusions

| Fr2:..

| L positional attachment alternatives

|- relationalConstraints

| }-independentlySelected

| | togetherFormRing(R1,R2)

| | atLeastOne(...)

| ifThenc...)

| ' excludedCombination...)

|- rangeConstraints

| | carbon-count

| }repeat-unit

| - substitution count

|~ scopeModifiers

| }salt/solvate / hydrate

| |- stereoisomer / tautomer

| - optional substitution

L provenance

| claim / paragraph
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|- image bounding box
- OCR/name-parser/model version
L confidence / human verification

@21 canonical representation 2 SA|0| EZS{OF SHCL TRAEASE HHAO|A aromaticity, charge,
tautomer, salt stripping 52 HZ&ol® M recall @ Z0t& £ el BIEHo= @ disclosure of EHatd o
Q7| i 20|Ct. PubChem 2| Substance—standardized Compound 27} O| x}0|& & E0{FLC}. [27]
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Symbolic generic matching 0| A{= scaffold 2} variable constraints & 2/ subgraph/constraint problem
o= H|WwsHcL W2 fingerprint/screening ©H74 & exact graph matching 2 st0{, R1 € class, positional
variation, repeat range, inter-variable relationship & ¥ % constraint solver 7} E,Folcy_H:f HEA generic
structure retrieval = screening 2t 4% atom-bond matching & CTHA|SIsH Bl CHe MM FRHSZ

EtESILY. [28]

Lazy enumeration 2 | familyE Ot=2Z| %0, HAH0| LS CHE species BF 4435t} exemplified
members, prior-art hitet 7t JP2  boundary members, claim constraintE 2t@3siote

counterexample 2 24 A5t}

Discrete reverse containment A= Mal7|&2| £ compound 7t claim 2] Markush constraints &
Qt25H=2] solver £ AALSHCE O]= USPTO 2| “species may anticipate genus” =2|2} 2|3 2F=ot QUCt [9]

24 dd2es B2 FUlot E7eel T FE2A0ILE Al ORet |E RIS BAIETL. B 4= 7Hd9

g s D1 2| 7HA| e ¢ = 212 Of|A] M2 =
core scaffold Yes exact graph Fig./example 0.99
R1= .
eneric
substituted Yes & ) claim 4 0.94
containment
alkyl
R2 positional . .
I,) i uncertain inferred paragraph x 0.61
variation
stereochemistr
No — — 0.99
y
enabling reaction/
. Yes/Unknown Example 12 0.82
preparation example
o sz= o s=6t

T2 QAMO| SCIRE SU S80I A AA| THS 0| HOIE|Z| QFoD N AAS EIYEHA| YeCh
| -
=0

|l HEIZ EE5I0, SiY F22 YA MBE 22 BAIGHCL [5]
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GNN 2t molecular embedding & 0| Z40|A D2 FE reranking 0= |7r Tt 12{L} embedding
distance A{A|E ‘S 7IsA2t 2 AV|E HEHSES A7l SHZ ALESHA ECh PCT = /2 FItE
YY Aot S 7|sA 2HM +ASHH, 242 28 R 11 2HH0M BItstet. [6]
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232 ZM I§7|2|2 7|23t O JSON 2

y 2O

"claim_id": "KR-...-C1",
"pmir_version": "1.3",
"query_family": [
{
"purpose": "strict scaffold",
"database": "MARPAT",
"mode": "substructure",
"assumptions": []
b
{
"purpose": "R1 generalized",
"database": "MARPAT",
"mode": "substructure",
"assumptions": ['R1 class relaxed one level"]
b
{
"purpose": "exemplified compounds",
"database": "REGISTRY",
"mode": "exact/substructure"
}
1

-

Al STN AsHs H= 7|39| 2t0|MA A5 API/batch interface Off 2f%|0F St0H, 214 API 7} 5| E%(R| &
220l FROMY/ZAAl package export + AMARZH A&l + result import 2O 2% Jt2|7} QUCH Q% A
HAMAL query intent, relaxation, DB, A3A|A 2! hit provenance 7| 25 = Z{0|Ct. PCT HA| chemical

a1

structure query 2t database £ X gt5t search history 7|2 #&Stct. [13]

I'|0 I'|F

b v

0x
rol

ICHE

i

22t hz2

et

MAra ==

[

5).

HEH

rlo
o

e 2 Y

00|I
rio
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= &8, d7ge 28t A1),

ol
o2

?_

on
re

z275

& 38512 0|0| 2], OCR bounding box,

Claim /$
aim / Source R-group definition highlight

scaffold graph, variable tree, constraint
Markush Scope graph, canonicalization variants,
confidence

STN hits, atom mapping, R-group
containment, priority/family, evidence

Prior Art/ Legal Evidence L .
spans, novelty matrix, inventive-step

graph
YARZO| =l AL 2[8Y| HO|E £+YStH 1 +Y1U 0[RS AMY AR0] grgstil 2 HMAS Halstt
g W= Ul 2f0|et 2HE LT HStE 7|F 5Tt [36]
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2422 7|7 HRALRES ALRSHL, AR MARPAT ZIHs 318 HSI0|A
of 2fo|MAT} 5|83HA| o= RS

A2

HA|7} OFLICE HO[EHE 27t =5 HR|E 22|l BItatet [12]
Cllole{& Clolg +¥ Y EBE Fo|H
S BWSEBR,
;Hj ;D:i :lai:l =0 Markush license/442-
KIPRIS Plus N HIIAIZ, claim SMEe &l B2
history, citations,
amendment study  [25]

CAS MARPAT

CAS REGISTRY

SureChEMBL 2.0

PubChem

USPTO ODP

WIPO
PATENTSCOPE

IP5-M

M2S

USPTO-Markush

IPC/CPC

curated generic
Markush

discrete substances

patent-extracted
compounds/images

discrete
standardized
compounds

patent bulk/public
data

PCT/global patent
retrieval

AlA| IP5 Markush
images

image+variable
definition text

US Markush
benchmark

production prior-
art 44, gold
retrieval
comparison

specific compound
ZM-cross-check

OCSR training,
open chemical
prior-art pre-
search

canonicalization
tests,
augmentation,
identifiers

US patent
text-metadata
corpus

multilingual
text/family £ 2+2AH

cross-jurisdiction
OCSR benchmark

multimodal
Markush
benchmark

domain test

CAIPEX - 9

proprietary, &5
sherd A A2, KR
2008+ HA| [3]

proprietary [12]

automated
extraction error
Az Pyoz
HotE oF &l 2|4
EBI At2 &=
USPTO/EPO/WIPO
S e
compound
coverage 2
5} [29]

generic Markush
Afalls LAY
243 [30]

2025 ODP 2 ¢j|0|g
A AP SHErE.
[31]

2026 Al assistant =
7y
keyword/date/coun
try 24 query
construction O|§
stst Markush
Q712 Ot [32]
37l 878 cases
7|1F 8ln 2L [19]
103 cases = 20t
2 2L gold 7t
e 1]

74 cases 2 12
Alet [19]
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SureChEMBL 0| 27| ¥ 4= 25 text/image mining 7|8t chemical-patent DB = S256}2|0F &4 0|
SHAIE B2lshof BiCHe HE 23 $Uch [33] Th2tA SureChEMBLOjA e TRE “MUI2FH0| HEHOR
disclosure € compound”2t= label 2 Ht=Z SH&A|Z|X| L1, & patent evidence span 2f HZ3l AS3H0F HC
5.1. §=10] 014 WIIAl=
5120 Y2 TS W2 WIIAR(K-MARKUSH-EXAM)E 230 27| SHE 1,000~2,000 7 4723
THY2j00] A BEAS 542 Y=Ch SY MUz|o| 29 7F ZES D RMUS JIROR AHS
22|51 B7IAtz2| 55 QUL [36]
2}t gold case Of| = Ch& SMILES JEH0| OfL|2t CHZ annotation O T 5Lt
Gold annotation ===
2l image crop + bounding boxes OCR/OCSR 2F 2|2| &4
exact scaffold graph 7|2 connectivity
stereo annotations stereochemical novelty
R-group labels + textual definitions image-text binding
normalized chemical classes alkyl/aryl/heterocycle & ontology
inter-variable constraints /312 /ZUB/AHQ]
exemplified species enumeration/retrieval 43
claim amendment history scope H3} Q1A
examiner-cited prior art retrieval baseline
independent expert prior art citation bias 23
novelty element map legal evaluation
inventive-step distinguishing . ,
. reasoning evaluation
features/evidence
ambiguity/UNKNOWN label AT R
5.2. W7 A|E Y A Holt BB
QIAF QIAlO| R Ux|E O3t 2|8H7| Mol ¥4 7h A[oto] o|0] U2 HZFICE B 89| £3| UL MFo=R
EHQI5HOF g A2t SR 20| HS =& 450 OfH L. [1]
s T2 A8 A 24 45 S8 o
. . bbox F1, label CER, R-label - =990
Figure detection/OCR ;label aceuracy =99%
accuracy =H

Discrete OCSR

Markush scaffold

Variable semantics

Constraint semantics

human-verified

full stereo exact graph
grap production path 7|2

equality, validity

>98% =H
strict parsed-graph =& &7 benchmark + KR
equality benchmark

R-definition exact/F1, class
normalization accuracy

SH
=l

Al R-definition =97-98%

positional/repeat/if-then/
ring constraints
precision-recall

critical constraint miss
2| A5}
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AP MAMst A= 287

9| of

Membership test

Prior-art retrieval

Novelty evidence

Inventive-step evidence

Calibration

Human workflow

Auditability

=2 A2 HlE, SAISHA| e UEQ

LSL- O
U 24 7|2 ARl HO|=et 2
M

=
=2 ZR=2 AESIA| §h=Ct. [36]

Representation experiment Of|M&

7|2 ST

compound € claim family
precision/recall

Recall@50/100/200,
nDCG@20, MRR

claim-element coverage
F1, enablement evidence
precision

closest-art recall,
distinguishing-feature F1,
motivation/effect evidence
precision

ECE, Brier score, risk-

coverage curve

review time, correction
count, critical miss,
override rate

evidence provenance,
query reproducibility

canonical SMILES-only, CXSMILES A&,

HARE dE Al &
2gatiof 5t0H, B= A0 A A2tz

precision/recall =99%
gold subset =H

£35| known critical art
Recall 4

false anticipation 2|43}

YEZE Yeser
evidence completeness

baseline CHB| EA|Z 74M

SA T SHE=100% 2A
A (evidence-linked)

B, Sz 7[8h HM, Al ZAA] B2t STN 28, 20t AYE HAIE
O MU HE AlZH HM F23 Bl WGt

PMIR constraint graph Al

SHAZ Hlwstot Sk 1 8 7H9| query compound O CHall claim membership Y precision/recall 2} E3

round-trip loss & £25IH PMIR 9| LR M8 21Y AZe 4~ QIC}

OCSR ensemble experiment OfjM=
ensemble disagreement € H|w3tCt 2ES0| UG graph £

MarkushGlyph, MarkitS, MolScribe/MolNexTR #&9| ti=

st A9} 2ozt AQ0| A2

TolH, agreement confidence € examiner routing 0ff A2 4

Tanimoto/MCS £ H| w311 AL2H0| MEHGH=
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