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A7 EQ] E =oJolHe R
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A1 2lx I§ FlolZ =
Eang A | B THEE A GRS CO., LTD. — CO LTD
A A
welge A7 INC, LTD, CO, CORP, GMBH,| ALIGN TECHNOLOGY INC —
B AG 5 AA ALIGN TECHNOLOGY
DENTSPLY SIRONA — DENTSPLY
29 5 2 3w A ROMA
2 Holy _ et e =
= 11‘]2 el FASAL @), GF9AL 5 AA FAEA e — fo
= Ao A = =
24 gaq go| 1TEE GE STV ATB— A B
_ o] EF o] Z9]o] HIE
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nET Ho
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A Y-S AT H, 2 A7 71dE B4 A 671 dE7 Yol
foflAe dre] 35 APH-S H-8otth
[F5 & 3-3] 779 259 A
xE 7|99 Atz LAY dA AA 7=
ALIGN ALIGN TECHNOLOGY INC, ALIGN ALIGN
TECHNOLOGY TECH, ALIGN TECHNOLOGY & =3
DENTSPLY, SIRONA, DENTSPLY
D;IE(T)%DXY INTERNATIONAL, SIRONA DENTAL DENTSPL;_SIRONAE
SYSTEMS o=
OSSTEM OSSTEM, OSSTEMIMPLANT, OSSTEM | OSSTEM IMPLANT &
IMPLANT IMPLANT CO LTD, QAHZZHE =3t
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3SHAPE A/S, 3SHAPE TRIOS, 3SHAPE =5

3SHAPE DENTAL 3SHAPE = &4
MEDIT CORP, MEDIT CO LTD, MEDIT _

’ ’ E3}

MEDIT INC, ®gE MEDIT = &9
DIO CORPORATION, DIO CO LTD, DIO _
’ ’ E35l
PIo IMPLANT, H& PDIOE 5%

import re
import pandas as pd

# 1 9d9H | =28a m7] AR
LEGAL_SUFFIXES = [
"INC", "INCORPORATED",
"CORP', "CORPORATION',
"CO", "COMPANY",
"LTD", "LIMITED",
"LLC', "LLP",
"GMBH', "AG', "KG',
"SA", 'S A", "SAS',
"BV", "NV,
'PLC", "PTE', "PTY",
"AB", "AS", "A S", "OY", "SRL,
AR, G, RERAY, "R

# 2. A4 2999 12 ZA =
def normalize_assignee(name):

- 191 -




if pd.isna(name):

return

name = str(name).strip()

# et v
name = name.upper()

# & B7] 54

name = name.replace("&", " AND ")

shpd A
name = re.sub('[,;:OWIWI{]1", " ", name)
name = re.sub("[- /1", " ", name)

# 5 A

name = re.sub(r"Ws+", " ", name).strip()

# HAFE AA

for suffix in LEGAL_SUFFIXES:
suffix_upper = suffix.upper()
pattern = r"Whb" + re.escape(suffix_upper) + r"Wb"
name = re.sub(pattern, " ", name)

# =2 gy #71 AA

name = name.replace("FABJAF, " ")
name = name.replace("&", " ")
name = name.replace("-FBAF, " ")

# 23 59 4

name = re.sub(r"Ws+", " ", name).strip()

return name

£

#3. REAY BEY A

STANDARD_ASSIGNEE_MAP = {
"ALIGN": "ALIGN TECHNOLOGY",
"ALIGN TECHNOLOGY": "ALIGN TECHNOLOGY",
"ALIGN TECH": "ALIGN TECHNOLOGY",

"DENTSPLY": "DENTSPLY SIRONA’,

"SIRONA": "DENTSPLY SIRONA",

"DENTSPLY SIRONA": "DENTSPLY SIRONA",
"DENTSPLY INTERNATIONAL": "DENTSPLY SIRONA",
"SIRONA DENTAL SYSTEMS": "DENTSPLY SIRONA",
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"OSSTEM": "OSSTEM IMPLANT",

"OSSTEM IMPLANT": "OSSTEM IMPLANT",
"OSSTEMIMPLANT": "OSSTEM IMPLANT',
"QA®E": "OSSTEM IMPLANT",

"o A" ZE": "OSSTEM IMPLANT',

"3SHAPE": "3SHAPE",
"3SHAPE TRIOS": "3SHAPE",
"3SHAPE DENTAL": "3SHAPE',

"MEDIT": "MEDIT",
"W E": "MEDIT",

"'DIO": "DIO",

'DIO IMPLANT": "DIO",

"'DIO CORPORATION": "DIO",
'fo": "DIO"

# 4, B Q B35} S

def standardize_representative_assignee(name):

B A F R/ S A8 84
HE7]el] Sdsiy B 7199 vk,
o 14 AAYe Iz wadd

normalized = normalize_assignee(name)

for key, standard_name in STANDARD_ASSIGNEE_MAP.items():

key_norm = normalize_assignee(key)

if not key_norm:
continue

pattern = r"Wb" + re.escape(key_norm) + r'Whb"

if re.search(pattern, normalized):
return standard name

return normalized

#5 S 29 2 I

def split_assignees(assignee_text):

shite] Aol B4 Z9glo] 5
gloje] Pz we FEAL




if pd.isna(assignee_text):
return []

text = str(assignee_text)

# 55 9 22 A9
parts = re.splitG"; %[ 1/1,", text)

# 1A A
cleaned = [normalize_assignee(p) for p in parts]

# Rgk AA 2 S5 A
cleaned = [p for p in cleaned if p]
cleaned = list(dict.fromkeys(cleaned))

return cleaned

# 6. HolH Y A& oA
def apply_assignee_cleaning(df, assignee_col="&%21"):

4 55 dojemde] &9 BA 2=E F71

s

k.

df = df.copy(Q

= df[assignee_coll.apply(normalize_assignee)
"] = dffassignee_col].apply(standardize_representative_assignee)
="] = df[assignee_col].apply(split_assignees)

return df

# AHg ClAl

# df = pd.read_excel("TextDown_20250703_P123 TOTAL ¥Ag]o]€ xlsx")
# df_cleaned = apply_assignee_cleaning(df, assignee_col="&¥<21")

# df_cleaned.to_excel("01_assignee_cleaned.xlsx", index=False)
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5 4. CPC 2= mEst R CPC 27 AY V&

B AFZE E5]o BojE CPC(Cooperative Patent Classification)S -85}
of it o=7]7] 4Age 7legd TXE B4 CPC FE+= 7«9
d& ASACR B "wol 4 o sdFE 24 71 9
AR 71€713] &4 2% &8 4 St

= A 2F A 44 CPC, 719 % 240l 842 CPCE AHg
sttt A% AFoIME CPC 527 AES &8st HEHNIS
Al Node2Vec 7|5t J3 dl55 3t ALz AAIso] 9ot Eot A3 <
Foll A& A61C, A61B, A61L, B33Y, G16H, GO6T/GO6N, HO4W 5& =
8 A7} °jg7]7] #A CPC Joz Hosalch,

i
-
Hy
o,

2. CPC &4 &

N

(= & 4-1] CPC B4 &3 &8 57
T2 A 2y 23 +8 %
A61C, A61B A & A CPC 7|&HoF
2] ’ ’ _ _ — 2}
47k CPC GO6T, G16H Z9 = CPC 23 && A4
A61C-00009, AR A 71exer 9 A 4%,
8 2= CPC G16H-0050 71999 OR 24 A 6 A
4248] CPC 2| A61C-Gl6H Al SE 7)ege oA BA A 4 7
_ A61C-0009 e ma = -
8 2tg] CPC 2§ G16H-0050 7194 7|1&7]3] &8 FHT AE A 6 %
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3. CPC 2

|

5]
[N
o
N,
4N

[F5 # 4-2] CPC ZE

29} 71E

A72= FH 2E5 § Ae 7=
A61C 9/00 A61C-0009 S AA, wATF 42 A
A61C-0009/00 A61C-0009 &4l oot AR5 AA
G16H 50/20 G16H-0050 HRITIE 472 HE
GO6T 2207/00 GO6T-2207 8 2t2] CPC =2 A+F3}
B33Y10/00 B33Y-0010 FE zes 59
2 AoA 82tg] CPC AEZHA-HIIF

47re) gHoE TASY

o}, A& Eo] A61C 9/002 A61C-0009=2 W35t & A] o|ste] AR
Mzl B4 5l44e ZolT Y 7 HE THsAS kolv] S8 Alst
AT

4. 9 CPC 99

[F5 & 4-3] & 4949 F8 CPC 7199

CPC 71&4d L e B K

A61C 22kt A Am, B4, 1%, 4STES FH V&
A61B A5 22 A AR, A9, AGEE JE

A61L AYA| A = FETE 27, Zol A, AAAE 27

A61F BHJEHRE T A YESHE 9 BHH7)7] T 7

GO6T FgAY CBCT, #2424, 9424

GO6N ATAS Al A4, 25 AA|, o5 gaes

G16H ogygn ojgzdole, dxg A~ Made ZHE
B33Y HEA| % 3D nYY, w5y BE, Savtols

HO4W 25 [oT AlA, 97 RUER, dlolg HAg

GO6F ! CAD/CAM, £ZEo], dlo|g Hz|
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5. CPC 23 A4 71&

CPC ZF-e shte] Salo] FAo] Hojsl A= 2 CPC ZEe] Zgo
2 Aojsigr. 59 S8 Yold T 7] ol CPCr} ZAlshs A%, Tbs

§ BE 29e A4St oln 2L Waol Qi T AR Ae)
sk,
[F= E 4-4] CPC 28 A 7=
S Ay 7%
pair 374 &9 Y 59 W ¢ CPC ZE X3
oA FF e
271 44 5 CPC 7+ =32 Alg
5 A9 Y E5 W 5Y 232 135 Akt
A TY x3to] A EEF 55 &
478 =g A E 3EEE UEHD 15
8 A9 Z3 A 71&xd 9 7198 OR £4

6. CPC =3 B4 A

shte] Edjof 2 8x42] CPC7} Hojxof oty 7p4gict,

E3| ID 8ztg] CPC E2E
P001 A61C-0009, G16H-0050, GO6T-2207

o] 7% AAEE 843 CPC ZFe thewt Pt

B x5 af4
A61C-0009__G16H-0050 A7} BE-A7 7)& mAE 71&o A%
A61C-0009__GO6T-2207 AT BA-H 7 7)en A 7129 A
GO6T-2207__G16H-0050 GAe 7)& 2R 7|%e] A%
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4749 CPCE Wgheld o} 2

8 ztg] CPC =%t

47 CPC 23

A61C-0009__G16H-0050 A61C__Gl6H
A61C-0009__G06T-2207 A61C__GO6T
G06T-2207__G16H-0050 GO6T__Gl6H

7. Python 7|8t CPC EZ3} @ =3 A F3

fas}

CpC BF3t 9 =

)
o2,

3 ¥4

import re
import itertools
import pandas as pd

def normalize_cpc8(code):

f#E CPC ZEE 8#42] 24 T2 ZEIRI.
ofl: A61C 9/00 —> A61C-0009
G16H 50/20 —> G16H-0050

if pd.isna(code):
return None

code = str(code).upper().strip()

# 3, shol el

[ K}
code = code.replace("-", " ")
code = re.sub(r"Ws+", " ", code)

# CPC #l"®l 3=: A61C 9/00, G16H 50/20 &
match = re.search(r"([A-ZJWd{2}[A-Z])Ws*0* (Wd+)", code)

if not match:
return None

subclass = match.group(1)
main_group = match.group(2).zfill(4)

return f'{subclass}—{main_group}"

def normalize cpc4(code):
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Q22 CPC = EZ31E CPC8olA 428 CPCE F&3it)
ol: A61C-0009 —> A61C

if pd.isna(code):
return None

code = str(code).upper().strip()
match = re.search(r"([A-Z]Wd{2}[A-Z])", code)

if not match:
return None

return match.group(1)

def split_cpc_list(cpc_text):
Sstute] Ao Z3tH E4 C
2= FEA| wet s,

— d
O
K
[r
i
M
AU
S
K

if pd.isna(cpe_text):
return []

parts = re.split(t"; [, W 1", str(cpc_text))

cpc8_list = [normalize_cpc8(p) for p in parts]
cpe8_list = [c for ¢ in cpc8_list if ¢ is not None]

# S5 AA
cpe8_list = list(dict.fromkeys(cpce8_list))

return cpc8_list

def make_pairs(code_list):

Y 59 Ul CPC 2AEM 7R xoke gt

unique_codes = sorted(set(code_list))

if len(unique_codes) < 2:
return [J

pairs = [
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f'{a}-{b}"
for a, b in itertools.combinations(unique_codes, 2)
ifal=>b

]

return pairs

def cpc8_to_cpcd_pairs(cpe8_list):

CPC8 B2EE CPC4Z WS F 4zt8] 23hs AT

cpcd_list = [normalize_cpc4(c) for ¢ in cpc8_list]
cpcd_list = [c for ¢ in cpcd_list if ¢ is not None]
cped_list = list(dict.fromkeys(cped._list))

return make_pairs(cpcd_list)

def apply_cpc_processing(df, cpc_col="Current CPC All"):
+3 E3] dlolge| CPC8 HAE, CPC4 HAE
8ztg] CPC X%, 47+g] CPC 2% €&

i
e
a
s
i)

df = df.copy(Q

df["CPC8_LIST"] = dflcpc_coll.apply(split_cpc_list)
df["CPC4_LIST"] = df["CPC8_LIST"].apply(
lambda  x:  list(dict.fromkeys([normalize_cpc4(c) for ¢ in x
normalize_cpc4(c)]))

)

df["CPC8_PAIR_LIST"] = df['CPC8_LIST"].apply(make_pairs)
df["CPC4_PAIR_LIST"] = df["CPC8_LIST"].apply(cpc8_to_cpcé_pairs)

df["CPC8_PAIR_COUNT"] = df["CPC8_PAIR_LIST"].apply(len)
df["CPC4_PAIR_COUNT"] = df["CPC4_PAIR_LIST"].apply(len)

return df

AR oA
= pd.read_excel("TextDown_20250703_P123 TOTAL ¥ do]¥ xlsx")

—_cpc = apply_cpc_processing(df, cpc_col="Current CPC All")

f cpc.to_excel("02_cpc_pair_processed.xlsx", index=False)
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3. Node2Vec mtztulg AH
B oALo] A ARESH Node2Vec mhetu]EE oh3 2t}

[F2 I 5-2] Node2Vec m+atajg AH

u}etr g & ofm]
embedding dimension | 128 Zt CPC =EE 12824 HEH=ZE BH
walk length 80 3t H9] random walk 9|4 o]5dlE LE 4
number of walks 10 Zt L =ofA A&t random walk HHE 34
window size 10 Skip—gram StFoA FH L& Tk WY
p 1.0 ol LER HFoid &F 24
q 1.0 BFS/DFS &4 43 =4
workers 4 HE A7 5
min count 1 Ha 5 RHx 7E
batch words 4 Sk uix] =27]
seed 42 A 7Hsd SHE Qe ¢ 4%
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S oA HIFAZI7IE, A 9H AFAAT AL LRE F4F A7 v
Aqst7] gt Aol
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ATt
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6. Python 7|4 Node2Vec A3 <A]

Node2Vec AAt

import pandas as pd
import networkx as nx
from node2vec import Node2Vec
from sklearn.metrics.pairwise import cosine_similarity
import itertools
import numpy as np

# 1. 828 CPC & dlolg E827]
# columns <A]: source, target, weight
edge_df = pd.read_csv("cpc8_edges.csv")

# 2. 872 CPC 355d HEHL +5
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G = nx.GraphQ

for _, row in edge_df.iterrows():
G.add_edge(
row["source"],
row|["target"],
weight=float(row["weight"])

# 3. Node2Vec utetn|g 44
node2vec = Node2Vec(
G,
dimensions=128,
walk_length=80,
num_walks=10,
p=1.0,
q=1.0,
workers=4,
seed=42,
weight_key="weight"

# 4. dvlg s
model = node2vec.fit(
window=10,
min_count=1,
batch_words=4,

seed=42

#5 L& dugd dE 2=
nodes = list(G.nodes())
embeddings = {
node: model.wv[node]
for node in nodes

#6. #= 29 4

observed_pairs = set()

)

/lloi /l(-)]

for u, v in G.edgesQ:
pair = tuple(sorted([u, v]))
observed_pairs.add(pair)
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#7. A7 7heRt 29 F vlws

i -—‘—(;):l K
candidate_pairs = []

for u, v in itertools.combinations(nodes, 2):
pair = tuple(sorted([u, v]))
if 2% not in observed_pairs:
candidate_pairs.append(pair)

# 8. "®™= CPC 2o IAR AL At
results = []

for u, v in candidate_pairs:
vec_u = embeddings[u].reshape(1, —1)
vec_v = embeddings[v].reshape(l, —1)

sim = cosine_similarity(vec_u, vec_v)[0][0]

results.append({
"source”: u
"target": v,
"similarity": sim

s

)

latent_pair_df = pd.DataFrame(results)

# 9. similarity 7]& AE

latent_pair_df = latent_pair_df.sort_values(
by="similarity",

ascending=False

# 10. A3 A%
latent_pair_df.to_csv(

"node2vec_latent_cpc8_pairs.csv",
index=False,

encoding="utf-8-sig"
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2% AL FEAR ohdel, AE 7199 V& VEEEE Qo] AFY
& 7 BrlsiAk

2. ORI A QA

[HE T 6-1] ORY? FAHQA

ool 29 ojn]
e 7199] 71& 878 CPC ZEE2Q9}
PS Portfolio Similarity ];PXH CPC 23 7t 224 SAIE
ZFA) Zoke JLASH= 8 A Ic HO
CC |Component Code Coverage| " i CPC Tsh= Oja}a CPC 2= 719 B
ACE Adjacent C(?mbination 719l0] TAG oA CPC 2oHe AT Y
Experience

RA Recent Activity 2| 2020-2024 9 ol 71&ggelAe S5

CI Competitive Intensity AE7g Afko 2 AAGE B4 A%

3. 2% 44

B oj710] AHP 7} ORS t}ei} o] Arzstqich.

AHP_
ORAT=0.2918PS, , +0.3261CC; , + 0.1680 ACE; , + 0.1275R A, , + 0.0865CI,

- 209 -




714 fi= 714, pe &A CPC 2¢= ofu|gi),

A= So] EA 719 7} FA CPC 2 p=A61C-0009__G16H-0050°]
il oh2 g ZHAta 7pRich
[R2 F 6-2] ORY 1% oA
FHax # 74 7453
PS 0.82 0.2918 0.2393
CC 1.00 0.3261 0.3261
ACE 0.60 0.1680 0.1008
RA 0.75 0.1275 0.0956
CI 0.40 0.0865 0.0346
A - 1.0000 0.7964

G g 71le] WA CPC &% poll He 71473 B8 FHlRl o
3 2},

OR/['"=0.7964
5. 914 7=

[F=2 & 6-3] ORY §)4 7%

ORAHP 9] A4
0.80 o4 e =2 71e7138 28 Y=
0.60 ©]/-0.80 wgt 2 22 71&7]8] &8 FHk
0.40 ©]%-0.60 wgt T #E 71e718 8 FH=
0.40 =]t S 71e719] 28 EH=

- 210 -



6. Python At of|A]

OR AAHA]

def calculate_or_ahp(ps, cc, ace, ra, ci):

weights = {
"PS": 0.2918,
"CC" 0.3261,
"ACE": 0.1680,
"RA": 0.1275,
"CI": 0.0865

1

or_score = (
weights['PS"]T * ps +
weights['CC"] * cc +
weights["ACE"] * ace +
weights['/RA"] * ra +
weights["CI'] * ci

)

return round(or_score, 4)

# Al
or_score = calculate_or_ahp(
ps=0.82,
cc=1.00,
ace=0.60,
ra=0.75,
ci=0.40
)

print(or_score)
=3k
0.7964
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ABSTRACT

Patent Network—Based Technology Opportunity
Discovery and Firm—Level Opportunity Readiness
Assessment: The Case of the Dental Medical
Device Industry

Yoo, Seong—Hwan
Major in Smart Factory Consulting

Dept. of Smart Convergence Consulting
The Graduate School

Hansung University

This study proposes an analytical framework for identifying latent
technology combinations at the industry level and evaluating firm-level
Opportunity Readiness (OR) by linking those combinations to
firm—specific  technology portfolios. Prior studies on patent—based
technological opportunity discovery have mainly focused on identifying
promising technology fields or potential technology combinations at the

industry level. However, whether an industry—level opportunity can be
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translated into an actionable opportunity for a specific firm depends on
the firm’s existing technology portfolio, component technology ownership,
prior recombination experience, recent technological activity, and
competitive accessibility. To address this gap, this study connects
industry—level latent technology combination discovery with firm—level

opportunity readiness assessment.

The empirical analysis focuses on the dental medical device industry
and uses patents filed in the United States, Europe, and Korea from 2010
to 2024. After removing duplicates, standardizing CPC codes, and
cleaning assignee names, this study constructs a CPC4 co—occurrence
network. At the industry level, core technological fields are identified
using weighted degree, and technological clusters are examined using the
Louvain algorithm. Subsequently, lower—level CPC8 codes are expanded
within the selected CPC4 analytical scope, and CPC8 combinations
already observed in the patent data are excluded to construct a set of
unobserved CPC8 candidate combinations. Node2Vec embeddings and
cosine similarity are then used to identify structurally proximate latent

technology combinations from this candidate set.

At the firm level, six firms are analyzed: ALIGN TECHNOLOGY,
DENTSPLY SIRONA, OSSTEM IMPLANT, 3SHAPE, MEDIT, and DIO.
For each firm, a CPC8 technology portfolio and a set of observed CPC8
combination experiences are constructed. The final set of 929 latent
technology combination candidates is linked to the CPCS8 portfolios of
the six firms, resulting in 5,574 firm—candidate units for OR assessment.
OR is operationalized through five components: Portfolio Similarity (PS),
Component Coverage (CC), Adjacent Combination Experience (ACE),
Recent Activity (RA), and Competitive Accessibility (CI). Expert
AHP-based weights are applied to calculate firm—level weighted OR, and
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the results are presented using each firm’s ToplO average OR and Top3

latent technology combinations.

The results show that technological convergence in the dental medical
device industry is formed around combinations of traditional dental
technologies with diagnostic and surgical technologies, image processing,
medical information technology, artificial intelligence, data processing, and
additive manufacturing. Node2Vec—based similarity is shown to be useful
for exploring structurally proximate latent CPC8 technology combinations
that have not yet been observed in existing patent data. However, this
similarity should not be interpreted as a probability of future occurrence.
Rather, it represents structural proximity within the existing patent

co—occurrence network.

The firm—level OR results indicate that the same latent technology
combination can have different levels of opportunity readiness across
firms, depending on each firm’s CPC8 technology portfolio. The ToplO
average OR summarizes the overall readiness of each firm for its
highest—-ranked opportunity candidates, while the Top3 latent technology
combinations provide a more detailed interpretation of the core
opportunities most closely aligned with each firm's portfolio. These
findings suggest that industry—level latent technology combinations do not
have the same strategic meaning for all firms. Instead, they become
firm—specific technological opportunities only when linked to the firm’s
existing technological base, prior combination experience, recent activity,

and competitive accessibility.

To complement the validity of the analytical results, this study conducts
temporal predictive validity assessment and expert content validity review.

The temporal assessment examines whether technology combinations that
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were unobserved during the training period appear as newly observed
combinations in a later validation period. This provides supporting
evidence for the predictive relevance of Node2Vec—based latent technology
combination discovery. The expert content validity review examines the
technological ~ meaning of latent technology  combinations, the
appropriateness of the OR components, and the interpretability of
firm—level OR results in the context of the dental medical device

industry.

This study makes several contributions. First, it extends technological
opportunity discovery from industry—level identification of promising
technology combinations to firm—level evaluation of opportunity readiness.
Second, it connects CPC4-based industry—level technological convergence
analysis with CPC8-based firm—level technology portfolio analysis,
thereby securing both industry—level interpretability and firm—level
specificity.  Third, it combines Node2Vec—based latent technology
combination discovery with OR-based firm—level assessment, expanding
the use of patent network analysis beyond observed technological
relationships. Fourth, it complements the quantitative analysis through

temporal predictive validity assessment and expert content validity review.

In summary, this study provides an analytical approach for identifying
latent technology combinations in the dental medical device industry and
evaluating their firm—specific opportunity readiness. The proposed
framework can support R&D planning, patent portfolio strategy,
technology  collaboration  search, and new product development
direction—setting. Nevertheless, the findings should be interpreted within
the limits of patent data and CPC-based analysis. Additional firm—level
internal data and market data are required to assess commercialization

potential and market performance more directly.
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