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ABSTRACT

Construction and Expansion of a Security Knowledge

Graph Based on Vulnerability Data

HyunJin An
Advisor : Prof. JunHo Choi, Ph.D
Industrial Technology and

Entrepreneurship Chosun University

Recently, various studies are being conducted to build and apply knowledge
graphs from text data. In the security field, the need for knowledge graphs is
increasing to respond to new security vulnerabilities. There is a lot of research
going on to create a security knowledge graph. However, because security
vulnerabilities continue to arise, updating the security knowledge graph is
essential.

Therefore, in this paper, it will be suggested a method to 1) cluster of
Vulnerability data based on text similarity and delete less relevant data, 2)
extract Relation Triples from Vulnerability data using the REBEL model, 3)
expand the knowledge graph using Google News data related to Entities. The
expanded knowledge graph is expected to increase accuracy in tasks such as
link prediction.

In the experiment of this paper, Four embedding models, "ComplEx”,
"TransE”, "DistMult”, and "HolE”, were trained using the generated knowledge
graph. Afterwards, it was evaluated using the “MMR”, “MR”, and “Hits@N".
As a result, the “HolE” model showed the highest performance. Also it was
confirmed that the expansion of the knowledge graph increases the performance

of the embedding model.
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B. met Fokd weld 541 2 AAY

1. CVE d"olg 3 9 A2

el 22 agzE gAey] Y8, CVE bolg s #3389t CVEE “Ax 1

okd ¥ F FE=(Common Vulnerabilities and Exposures)”¢] FA}=2, F7]% o
el Hel FHokd B2 oujdt CVEE 3t=dlo], AT EQ o)A o84

= RO FHekd 2 A% ARE ¥ 7z CVEol:= i3k Algld ID7F
Hi, A9, #Fx 5o Anrrt ¥3HEM, CVEe AREE CVE Data Base
(https://www.cve.org/) Aol Eo] A eldr 4 Utk ®Hel FHekdo] i3t ARE 7]
ko 2 22 g2 AAE7] 918, CVE Data Baseo] A 1999y &= 3g 20220 %=
Abolof] H2H 257660719 CVE HlolHE CSV 3 A ow T2 E3dlo], Wt
Aok dolel s R 1R dolee P2 [ 119 #oh

o)
A

2 4

Name CVE-2022-0004
Status Candidate
Hardware debug modes and processor INIT setting that allow override
o of locks for some Intel(R) Processors in Intel(R) Boot Guard and
Description ) )
Intel(R) TXT may allow an unauthenticated user to potentially enable
escalation of privilege via physical access.
MISC:https://www.intel.com/content/www/us/en/security —center/advisory
/intel-sa—00613.htm] |
References . . . .
URL:https://www.intel.com/content/www/us/en/security-center/advisory/i
ntel-sa-00613.html
Phase Assigned (20211015)
Votes None (candidate not yet proposed)
Comments -

[3£ 1] CVE Data Basedl| A #|&g CVE-2022-0004 74 %

“Name”’€ 2 CVE¢] H o3 Agld IDE 9 n| it} “Status“d e CVE DataBase
H duE ok entry AEl= CVE B o 5555 2o A% A
v stal, Candidate A HlE= HE2o] LgE = Jues AE7 A5 S

1
S omglty, 183 "Description‘de] A CVEe] uisk 7+d3 Aol



“References”d & #& k4o figt Ex} Fx2EAEo|t. “Phase“d S CVE

we gdoln, "Votes“= CVE 9193l HES 5 Fxst 475 7
th "Comments“d CVEe] ojsf @z Si=olt) o8 A F3% dolH
£ AAgste A AR de2sE Fd 38 257660712 dolE FellA
CVE-ID7} ookt =ojgle Aejo] A, ARE CVE-ID7F EAF o] A=
Lo FFoay o|Folx] 3lo, A2 agxE AAsEd Fag delgst of
ki ddste], AAlstE A4S AR AA R4S AZ F, T 188616719
dolel s grstvt. 1 5, HA st=so], 2z E ol g HolEyhe 1}

71 918ke], AA] CVE dolg oA 2020 o]%¢] CVE ©lolg 4656771158 F&
sto], Agg AFsv. #A FHokH g EAY FxEo] EoldE
“References” 2 URLZ A=) Slo], A4 =5 KA Holy A=z F
st geste] AbAlekith E3L do]@uk o] o] EES FEF 4 8l

= “Status”, “Phase”, “Votes” & %3 214 & A3Pste] o “Comments”d-&
o9l A$7h ol AAR F, pandas #elHela] & o]&3dte], “Name’ ¥}
“Description” ¥ 71¢] < 71x= dolg =y ooz AASATLE 9o A=
=, [29 313 e Fee] delgE rshiiv

=

CVE-ID Summary
141863 CVE-2020-0001 In getProcessRecordLocked of ActivityManagerSe...
141864 CVE-2020-0002 In ih264d_init_decoder of ih264d_api.c, there ...
141865 CVE-2020-0003 In onCreate of InstallStartjava, there is a p...
141866 CVE-2020-0004 In generateCrop of WallpaperManagerService jav...
141867 CVE-2020-0005 In btm_read_remote_ext_features_complete of bt...
141868 CVE-2020-0006 In rw_i93_send_cmd_write_single_block of rw_i9...
141869 CVE-2020-0007 In flattenString8 of Sensor.cpp, there is a po...
141870 CVE-2020-0008 In LowEnergyClient:MtuChangedCallback of low_...
141871 CVE-2020-0009 In calc_vm_may_flags of ashmem.c, there is a p...

141872 CVE-2020-0010 In fpc_ta_get_build_info of fpc_ta_kpi.c, ther...

(29 3] AAE] & dejg 2zl o



2. A&7 S o]&3 Exploit Holg +3

S A 24 agzs A7) 8, F7r2 1ot HeAba g w3t
A X ZE Exploit Data Base o] A (https://www.exploit-db.com)ol|A] F7}2 FH
3} th. Exploit Data Baseol|A] CVE-IDE #H A8}l &l BoF Hekde BA =
=5 AT £ AL, gidel digk sk AW G ARE 5T S Advh 7
CVE dlolgo] dsle], AR E FE=3&17] 980, selenium #}o]l B g & o] &3 A&
25 AM&3t T Exploit Data Baseo|A CVE-IDE 7|02 AM3S uf URLS
“https://www.exploit—-db.com/search?cve=1999-0002" &ejo]t}. o] URLYA #Hz
2~E% valued] 1# #78) F CVE-IDA “AE-¥35" RS Z2Zse] Ho|=
oz 93 URLS AL, selenium 2ol B #]8] & o] L3 HlolElE& =33}
Aok Ay g AEH 39 Exploit ID9F Exploit Data Baseol] # &% A% F 7}
Ao Ang +PaAt A% [E 2% 2o dolHE A & AT

Name Exploit ID Exploit Title
7BServer Pro 1.5 - Remote Buffer Overflow (1) -
CVE-2000-0002 19688 ] )
Windows remote Exploit
Nortel Networks Optivity NETarchitect 2.0 - PATH
CVE-2000-0009 19704 ] ]
- Multiple local Exploit
Tony Greenwood WebWho+ 1.1 - Remote Command
CVE-2000-0010 19691 ) ) )
Execution - Multiple remote Exploit
AnalogX SimpleServer: WWW 1.0.1 - GET Buffer
CVE-2000-0011 19703
Overflow - Windows dos Exploit
Hughes Technologies Mini SQL (mSQL) 2.0.11 -
CVE-2000-0012 19696 "w3-msql’ Remote Buffer Overflow - Solaris remote
Exploit

[3% 2] Exploit ID &3 Az 9

“https://www.exploit—-db.com/exploits/{Exploit_ID}” URLS &3, 2t d Ay, ek
3t A, code & Exploit A HRE 21d 4 At &l URLe mpxdh F-i2o
Path Variable] ?SﬂEﬂi Exploit ID7} £3& 50 gt Hd& o] &3}, Exploit 4
A ARE 229 F£ AAT HTML @42=2REH “Type” ARE FZ39n
“Zcode>” 1 oto Z+oksk AW L I=rF EdHO o], “<code>” HIL
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o drEE /A2 & IAZE A9sty A9y FEUS
S A A3Fe] Expolitel] thak A do]HE 48 & AT
OHE AL & YA QoA wtEo] F, CVE, Exploit do

== T
IDE /1Zo2 WFatol ol zage A, dolg £7 Y v

Exploit ID Type Exploit Description

ZBServer Pro 1.5 - Remote source:
https://www.securityfocus.com/bid/889/infoZBSoft ZBServer Pro is an
Internet and Intranet server that supports HTTP, Gopher, FTP and
Chat Services. ZBServer is available for Microsoft Windows
operating systems.ZBServer Pro 1.5 has an unchecked buffer in the
19688 emote code that handles GET requests. This weakness allows for the
execution of arbitrary code. USSR exploit:Binary exploit —
19688.exeSource code —
19688.ziphttps://gitlab.com/exploit-database/exploitdb—bin-sploits/-/raw
/main/bin-sploits/19688.exehttps://gitlab.com/exploit-database/exploitdb
—bin-sploits/~/raw/main/bin-sploits/19688.zipOverflow (1) - Windows

remote Exploit

[3% 3] Exploit Type, Description 4% ZA 3} <

C. H2AE §A% 7]uk CVE dlo]g EFH

dade Aue ASAA WasHn A4Hs] Wi, A4 adzZE A&How
dol|EdtE #glo] Iy ow QTHT. 3= o5 (Link Prediction) & F <lE
Aol AAL dFetE Ao, of

AU, 1%

B M T
A% FRsts AN, AREE ¥Y 5 JuS FA A4 aYuE Y
WA, B AT HE CVE Holel & 82E fAE 7o Riste] Buygol o
i geEE CVE delgg A9sta, #agel & CVE deoleEure o &3
of A4 =g YYsHuA Ak



1L od2E §AE /W BFE A AAY
a. CVE Description & EZ3}

kol o Aw<l Descriptionde] #FAt=E ol&ste], CVE HelHE &7
staal gk §ALEE vlasty] A8, H2E dolEE HFEHIL os T & e
2 dolEHg WasE = dudg FAS AAHor I = dwde f8,
CVE tlo]El¢] Description@$& AAgstz EF3 st FAS A WA nltk

ol e elol A A FaE Bgo] AHS o &ale], 7}
ot agla 92E Yo 3% URLS A
A 258 2ge E2shse 33

=~

g0l 9}

Aste 348

7

s AR 223 4

SAE AA

R R E
A 2ARe FEAAL o2
avhe (& 419 2ol 94¢ %

Description gl 33 &

CVE ID

CVE Description

CVE Description Tokens

CVE-2000-0002

Buffer overflow in ZBServer Pro
1.50 allows remote attackers to execute

commands via a long GET request.

buffer overflow zbserver pro allows
remote attacker execute command via

long get request

CVE-2000-0009

The bna_pass program in Optivity
NETarchitect uses the PATH
environmental variable for finding the
"rm” program, which allows local

users to execute arbitrary commands.

bna pas program optivity
netarchitect us path environmental
variable finding rm program allows

local user execute arbitrary command

[ 4] CVE Description E23} 21} <

b. B12E {ALE 7]uk CVE deolg £/ & A% 9= AW
CVE tlo]¥ ¢] Description €< udste= 34 AF o

N WA 2 TF-IDF(Term Frequency-Inverse Document Frequency: to] ¥l &-

A4 NE)E olgael YuPsth TF-IDF: gojoly Fad
) BANAT BASE Wolt
WA E ol

Am 3ol sl
7] ofsha

& il
, 4 Aol A

Rolshiz PHOR, BAY AR

9g3t= H}H o] T}

E
-
3EHow
Fahe A
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SAR) FALEE AN, B4 Abolel FAEE 243+ 9
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woll, CVE dlolg ] 545 velll= 7159 E & Descriptione] 23¥ EZ 9H
of Hytoz yehd F g Aot dF E9°], “CVE-2000-0002"¢] 7S

Description @ Wjel], “['buffer’, 'overflow’, 'zbserver’, 'pro’, 'allows’, ’

()

remote’,

'attacker’, 'execute’, 'command’, 'via’, 'long’, ‘get’, 'request’]” o]&A & 137}

o] EES 7HAY wEb “CVE-2000-0002"¢] E4& velgs= WMEE 13719 &
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2. KMeans ¢31¢]&2 0] 43 CVE do]lg &7/

Sl 7t CVE deold 27 + =% 9= duge /44 pgom &
Bsea, olE Fal AW WEE YYSHATL o QW WEEF olgatel,
@ 54€ 744 CVE delgze #dses g AR gaEe fAEE
Aoz wRaI] AN, Adol AFHA @ doldy Are H4L Fohh,
WAE 8 B9l KMeans die) 5% ol gato] T 8katsith. KMeans %ael
zeo dolgg kil Felagg Eishe dngFeR, Fexge 447 U
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7}A= CVE dlolele] duld WMElE +sst7]o a4 Aoty 33}
= HAOA, HAe FelxH JFE Foldy] #ldll, Elbow Methods #8313
th. Elbow Method®= 7} Ze]2El9] FA4¥ dlolE Ato]o] A& e inertias
o m HAe ZFE2E AFE FoldE dadFolth CVE 7|EHE R skt
Kmeans 229 Ze]~E £& 15H 107+# =874, inertia zFe T3 X 3k}
Elbow Method& AFg-3l] lgh A3}, Ao ZFejxH 71 MdeS AT &
th. Elbow Methods o] &3] 22 Ao Ze| =¥ & 35 dtoly IepvE R
AAsEA, QoA TF-IDF Wi oz dugst WE e Word2Vecs o] &3 Lo
g ME 2 217 KMeans 29S8 5A A [ 5l F 4% disl, KMeans &
do] 18385 WP AIto|t}. cluster0e] 4, TF-IDF ¢ Word2VecS A}&-3k

R 3 AyE B o, g2 F clustero] Hl&] dHolE $7t wj$

g Atelel Az el go] Hazt o

olug W cluster0 ©|o]¥ clusterl dlolg cluster2 dlo]g Z oy
TF-IDF 1,482 43,016 2,069 46,567
Word2Vec 1,618 36,002 8,947 46,567
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224902 A7+sket Ayfelth. s ezs} o], CVE dolg e ¢
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AhEFE fAE WEOITL F uE A Bel getel AR FAEE e @
o] Alxte 4 AUtk
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A, vFIEA 2 Word2Vecs o] 83k 492 cluster0 Wi FAe] FA}
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REBEL(Relation Extraction By End-to—end Language generation) =4
e QA HiERRY A d3de] EGES FERE AIA oFE A
e ALY, 25e #A G o s AdHE B2 sAsux. 27 3H
rdg AAEAC. 18] BART-large(Lewis et al. 202002 7|¥lo =z AAE A
U REBELS H~E dolHE QJewghs W, entity® FE38aL, 7 entity Alo] <]

WA AZse EulEe s TV Wt Foln HAE, v} 4Y €z



EdN EgES 228 Adelw 39, REBELS x7} oW y& 253750
ol wei o] Cross-Entropy lossE AH&-&tH, AlA

4% BART wulg na 2Adth olejd 24¢ 53, 9 drsniy

pPBART(y | z) = |] pBART(y; | y_px) (2 4)

REBEL Rde ZA¥E 8402 agdd & Jus ~fd 28 A
<triple>—°,: head 7|47} Z &g EH%Q] Al ZHS A S, uhE Fef] input Bl AE
7} 28 head 7/WAe] &3} tail 7]

] f\]z}% EA]@‘E}. a8 <obj> EZE head$t tail 7HA] Abe]l #AIE] AlAHE
Algth dEE drER2RE AAE 55, AEeta <triple>, <subj>, <obj>

:LEL
EAUE EUE 33 Ans 2990 (19 51¢ REBEL mdo] gy 9xE
EYEg

=73}, “This Must Be the Place”, “new wave”, “Talking Heads”, “Speaking in
Tongues” Y] 79| entityE FE3IAth 333 entityE head, tail® #e|sli
entity Alole] TAE o =stu BA 19 5] A “This Must Be the Place”
7} head, “Talking Heads”7} taill2 yUd¥ AL AE F entity Alole #AS
“performer”’#}il o|Z&3FR L, o] A3}E (head, relation, tail) &2lo =z g3k H,

sod E2E o) g3 EYE 7% A%E tndsd Y@

il

U HAE0M Entity F Entity B 24 triplet 44
“This Must Be the Place” is a song by new wave band p: (This Must Be the Place, performer, Talking Heads)
Talking Heads, released in November 1983 as the second (This Must Be the Place, part of, Speaking in Tongues)
single from its fifth album “Speaking in Tongues” (Talking Heads, genre, new wave)

(Speaking in Tongues, performer, Talking Heads)

4.

Triplet 0|5 23} C|2E & ¥

<triplet> This Must Be the Place <subj> Talking Heads
<obj> performer <subj> Speaking in Tongues <obj>
part of <triplet> Talking Heads <subj> new wave <obj>
genre <triplet> Speaking in Tongues <subj> Talking
Heads <obj> performer

[1‘3] 5] REBEL =d-¢& o] -3l triplet =3 c:ﬂ



2. REBEL 2 & o] &3 Hel A2 agx Y4y

o]21%k REBEL =S o]&3}o] triplets FZ3}7] 98l A, transformers o)X
8] 9 AutoTokenizere} AutoModelForSeq2SeqLM @] from_pretrined 345 %38
AFA S5 F, “Babelscape/rebel-large” ZdlS Eej gttt o1 3 glgule QA d)
2EE A}A <43 AutoTokenizerE o] 8£3te], EE3}s Y. AutoTokenizer &
AT ES9 idErES AHA 8459 AutoModelForSeq2SeqLM F.glof] 9138 3}o],
entity Alele] #AE dF3te] EES AT oF AnEs “<triplet>”,
“Csubj>”", “<obj>"e} e A Efo] xFE EAGR tyzygsle] wEdit
Wkt FArde A 72 29d EF Abolo] e FEEE AAS T, TR
(head, type, tail) 32]¢] triplete @ W23ty REBEL 2dS ©]&3te], CVE Hle]
HEZHE 22 ag2 AAHS 93 triplete F%35H3 T CVE Descriptiong AR
at% % AutoTokenizerg o] &3t EZster 5, REBEL RS Hejohx A4S
AutoModelForSeq2SegLME o] &3] triplets F=3t% ¢ [# 6]= REBEL »d&
o] -&-3F0], CVE-2020-0001¢] Descriptionoll 4] E#] =& ZZa 2Azolt),

CVE-2020-0001%-8] CVE-2020-00107}#] 9] triplet % A3} o

Entities:
Android
Android-8 0
Android kernel
local escalation of privilege
exploitation
time-of-check
time—-of-check time-of-use vulnerability
calc_vm_may_flags
ashmem
Relations:
{"head’: 'Android’, 'type’: 'has part’, 'tail’: 'Android-8 0’}
{"head’: 'Android-8 1’, 'type’: 'subclass of’, 'tail’: 'Android’}
{’head’: 'Android kernel’, 'type’: 'part of’, 'tail’: 'Android’}
{’head’: 'Android’, 'type’: 'has part’, 'tail’: 'Android kernel’}
{"head’: 'local escalation of privilege’, 'type’: 'subclass of’, 'tail’: 'exploitation’}
{"head’: "time-of-check’, 'type’: 'subclass of’, 'tail’: ’'exploitation}
{"head’: 'time-of-check time-of-use vulnerability’, 'type’: 'platform’, ’tail’: 'Android’}
{"head’: 'calc_vm_may_flags’, 'type’: 'part of’, 'tail’: 'ashmem’, 'meta’: {’spans’: [[0, 128]]}}

[ 6] CVE dlo]E 2528 triplet 233 A3} o
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AR A g zE o A vbEr] Sls, A ade g 3ge A
A adEE gety] A F7F A s8] f6, 72T =S
ARESEATE T 2ol wek I el FE2I NA B w2 TAEE

AZYsle] dolgE FHEtA, XA aYZE FE387] Y3 tripletS FE3HA T

Google NewsolA 7]A} EES AEHste], ARE Frtz FH3A
GoogleNews Zlol|H# g el 7|9=& &
URLS wtelels 715g ol8ste], 259387 919 URLe
gk GoogleNews E}O]EHE]% o] g3slo], A rgjzel )
## g 7]AEe URLS FHsth o2 & URLS ol &
12 SFH oY seleniumo|y} beatifulsoup #fo] B2l wkS AFg-&l7] o= 7z} 7)ALE
Aeste EAFol 22t By £ WHe] B g ofg ol LAY o
g sldsty] @, aEgstaa = URLS 493k, &g 7IA= 5|,
AL, ZE dA 5 74 YRS AFow ASYe|FE newspaperdk #ho] H.# g
g AEetlth 3¢ URLE newspaperdk ghelBelg] & Ol%‘é‘ﬁ AEY sk
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“ARP Spoofing” .2 #HAs 724 z=8 Az d

Title:
Address Resolution Protocol Working, Types, and Benefits

Text:

Address resolution protocol (ARP) is defined as a mechanism that helps discover the link-layer




address associated with a pre—specified internet layer address to enable the mapping of different
devices on a local area network.\n\nDeveloped in the 1980s, ARP remains a crucial feature of local

networks today. Advancements such as secure ARP (S-ARP) help combine network security with

the convenience and efficiency of the address resolution protocol.
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F. ®eh A2 adgx ddd

A wet A2 aejxg Wrbska, ofe] An|zeA g&atr] s, A2 O
dze AR AT & AES £4 dolHz wMas: iy o) Bs
o x2] g zE gy g A9, A A 2@ 9] Entity, Relation A A3 &
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A4 cze Qumael A4 WEE ded wd sud A8d 4+ A, F
A Asgolt AERY F e Aulzd B8E 5 Atk A4 2z Yo

[e}
d3t7] 98] AckE dug W F, dubyg o g o] #o]i= TransE, DistMult,

[
ComplEx, HolE 4] 7}# #H S A7l sk

1. TransE ¢ H 9

TransE ¥l W2 A2 228 dulgsts WRel sy, A2 2L

head, tail, relationg ¥l 9 % S vl head + relatlonol tailo] WE 7} w AT St

&t Wolth heade] WEE h, relation 1, tailS t#i P72 S u, [
[©)

8]2 TransE dWdS 8oz g3 oot

(28] 8] TransE oHyg o
o2l TransE JHld W2 relatione] WE7} 0o] obd 74, head + relation
o] A#}= tailo] E AR tail + relation®] Z 37} heade} A @A velbbE H
2 AAE 2dyg & 5 Ak A9 TransE g A= i3l #A4 9 dolgHE



waa 3 4 ¢lar s1}e] headol A o8 taildyt #AAE 2= 1-to-N #AE AW
93 ¢ Qs gy 7hTh

2. DistMult, ComplEx ¢ # 3

DistMult & @3] WE ko] AgE o] &ste] dud st9lwl TransE
H 1 22 head, relation, tail Al WE ] WA TS o] &ste] dHstE WY ol
head®} relation®] W& 3} taile] WEIQ] :AQl FAMET} FHolx] Al EF &3l o]
13t DistMult dwlH e A$ (4] 59 #& score functiong Zr=th. o] score

functiono] 4] head, relation, tail®] =47} vlHolx A7l =dstA o7 wWE

o, DistMult W& o] 43 4% vhd w2 Zdd 5 Jom, 10N A%
wug @ 5 vk X% olgd SHow ld DistMult: oF #AE muw
@ % g

Fo(ht) =Y hy e 7y o by (54 5)
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3. HolE 9Hld

HolE(holographic embeddings)E A2l 18|z} 748 #AAY A
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99e 24540} o] CVE dlo|8E TF-IDF, Word2Vee % 7449 H
2 9= dWgdS 31 KmeansE o] &3 #3382 233sto], TF-IDFE °]&
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FEAL. 25 A9E AL v, cluster09] A9 T oulE Wyl ¥
d RH 2A%E wgom, yvx F 2e2d v oH W ge el doleut ¥

zrgtale] el w, cluster0e] 791t & dolE 521 E
o2 AZAI}HAT. o5 Fa clusterOo] 43 dHolH = Ut
dolefe #aAde]l A5 Aolehs AL &9 & 5 UMbk FHo AA agEE
A7) 98 s dolHE AAstE BALS AH

71 o]% REBEL R4l§& o]&3dto], #24 1
t}. 71 ¥ GoogleNewsE o] g3 7|A < &
HE triplets F&8to], 2 2z E s

oA JrrE 98 A4 adzE duldste] PR A4 gzt g4
of| Z-(Link Prediction)& F3&d W], A%< SA4sAth x2 2dZE Adug &7
g, dwlyd = = ComplEx, TransE, DisMult, HolEE o] &3] A2 1= ¢
Y-S sH5AHT. ComplEx &L Score Functiong A 9He 7141 74]/;}3}
WA 31 2e]) head, relation, tail A W€ o] WA} oz AsstE dwd
1, Score Functiong 5\_-/;; #9490}, TransE: @4 A2 o] 3o Score
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e odwld 1E‘r DistMulte] 7=, ComplExAH Al #E o] WA el &
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2 35 dolHz AFEEA, 20%E H2E dolE & AMSse], BrtE A3
WE o] A7) BF 10002 FU&A AAFI o™, epoch =% FAaA 1003] =
835t t}. optimizer:s adam< AFE-3FSI T

ndS Hrishy] 9l AxEE dubygoem o]l AgxE MRR(Mean
Reciprocal Rank)®} MR, HITS@N A}&3t3th QF H2E EfZ HEZ 8
ul, 7} A FE et o] FolHt MRRE o= A3 9 ko] %3} Hifolth
MR EE o3 ZAn 9 ko] ootk HITS@NS =& o3 Ao e, &
9 N £99 Hl&g oI

1 Q| 1
MRR = 222
7 ; i (54 7)
Q|
MR )
=1
1 Ql[l if (rank, <1\7)
Hits@ N = 2= )
its@ | Q | ; 0 otherwise (54 9)

WY A g zg

3} )
t}. Embedding €& 123} #4404 A&a 9= olwy ot}

model MRR MR hits@10 hits@3 hits@1
ComplEx 0.22 1115.38 0.50 0.20 0.13
TransE 0.24 974.21 0.48 0.38 0.08
DistMult 0.25 1108.16 0.46 0.28 0.14

HolE 0.44 732.63 0.60 0.49 0.34
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=
staet H, HJrkE AP FrE Ane (2 919 2] =EH
t} 34 AL EF A4 g E 9 entity$} relation §7F Holyd
MMR A+E 25 YWobd oy, Hits@N A oA Hits@3, Hits@1 #

oMtk olg Bal 93 dZ Y wely] s, A4 1dzE Fgstn Aol

Edtt dgo Bed AL TA HA¥ + ANUTh A4 2dzE B4 F, Y
e Adss Aow B wRA AR TE FAE o8 A4 1z 33
A

=
B¢ 3, HolE(Holographic Embeddings) W< 3] AdWgdst 4% 714 =& A

¢ Bolt A% FAY & YA

model MRR MR hits@10 hits@3 hits@1
ComplEx 0.26 1165.60 0.43 0.28 0.18
TransE 0.25 756.50 0.51 0.40 0.08
DistMult 0.28 1151.54 0.51 0.30 0.19
HolE 0.46 856.75 0.60 0.51 0.37
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stel A4 aelmE ARG 1 F A4 2= el AA BAE 7F FaE
22N Qe HolEE o §dtel, A4 TAxE HHHE A4 2dx v U
g4 ZgdYgas AANIIT KA agE FE %S Hrietrl 9@,
MRR(Mean Reciproccal Rank), MR(Mean Rank). HIT@N A 7}x¢] << 7|4k
HAAAEE AMgste] H4E 49T x4 a29=ZZ  ComplEx, TransE,
DistMult, HolE Y] 7}#¢] duld 2ol skl 5 Z xS H7bskav. 4
7, MMR #<4 044, MR <= 732.63, hits@10, hits@3, hits@1 <=7} 7—}7—} 0.60,
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