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AUAE = ARFAV|E 2 HEjolH 7ey BHoE FFU eI Bl &4 g dolHE du &88
AR, Fdef dolHE F3le THE Yo FHLS FH S utE dojHE Adste 58 U F8

Atk olFAd 71Z2E SHNAE oA g, FHEHE ATE SolA FH9 AFE AdEste SuE A4
F317] 8, T A okl A AAA 1 F(systematic review) 2 HIF A A 1 Z(non-systematic review)Z}
28 & A (literature review)’t S E L ok A, Z2UH9 AH Y o] F BN E 1S oo o]2A &
Pd FAg57) A o2l L, AFA T D Huo]y 7]&o] 88 A7FFHA 28 (health recommender
systems: HRS)# 22 A Z2 oA H| 27} 2338 W 9tk spA|9h, AF-H 0 E HRS7F vl# 9 84k¢] B L ol F &
L83 7|€E WP s ETeta, el £ddTE O Bofd Hlg) wlg- £E3 AA ot} tjEo| HRS+
AH FAo| gt 3 Bk E BF8ta, 7]EY FEATE HIAAE 127 AAE 1F PHnks T2 8509
olFF7] WZel, e AT Fokote dua-golut 8 BAE FFslde @AV EXT. olol, & AFeAe
1BV ES 2 F4(citation network analysis: CNA)S 2-8-3td HRS 2 ¥ A7 &ofo] A MES T 725 3
oFstath. mS, o] A FHA =o] E AV & YEh A Se BAE Bst7] A3l GraphSAGE €18 E<
2g3to =M, HRS A7l o] ‘recommender system’, ‘wireless & 10T, ‘computer vision’, ‘text mining’ 53 22 A
T EOFEY] FREIVL HoA L S-S Tetat o, ol¢ FAld 7l 1Sk personalization) E 7117 BB S (privacy) 57
22 N2 19Tt 8 olfp 2 TASIAL as FAUsA £ AFE B8 HRS AT AFUES F2& Fotsta,

o~

dHE AT T A¥E, v HRS AT WFS AAR ) Jlo] AR FEL AT 5 AE AR It

FAo . AAFHA2E, A2A o], AT FF, ASUESN D 4, GraphSAGE

=0xA0!: 20233 22 162 =EAXol 2023 3 4 ARHEEY : 20233 3 5

;.;Ji%% - Regular Track WA} - A
1. N2 HAG A= Wdstn YokEziol 2020). &
Aol AFE A5 & dole A 71&9
A4zt A o] % AL = BRFA = W, B0 gRldolE /A 28l 5 Tlo|HAlE
(information & communications technology: ICT)<] o] Ao = o g vlojEl & da &8
gy A AL AR, AFE I ARl AAE F A FHAThELE, 2022). 12, AR

* B RS ARAT 49 BK21 Ao ERE AUwe A9
o] =58 2022\ = AR | A R EAIE) 9} S A TR Y-8 W} ATEE| $1-S(NRF-2022K2A9A2A11097154).
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glolg %ol 4 e
A Aelshs ol

St F8% ‘?j—ri ‘?:LOPE@X]
& Montemore, 2022).

A1 2| &(bibliography) 2 #5 oj|4], §l &
TZF 9443 2L ARZHE AAUE= 4
| okl 7129 A4 L 7o =Nl AdE =
23 9JTHChoi et al., 2011). o]l e},

AFAZ2 AAIA I (systematic review)
BIA A A 31 (non-systematic review)d} 22
A (literature review)E &3l 71ES] ATE
AR S She Bk AXFEE 3
ofsl7] 93 ATES FHs L kA TA, ¢
2], 2015; Scheuren, 2004). ©]2]3F EHATE
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o2 oX

o
=
s

ln Mrowd Lo

kil
=0

A -3}1 745151 XV‘?LH zﬂﬂl Tl 7148t
o|I1= FFo] Hal vkl
3 5, 2012). EﬂEOi Ho= thFe A9
JHES A FA1F A (interdisciplinary
approach)®] Z7F8kal a1, T AT Fofe}e]
BEARE A Aduetol & F Aol AR
Ao T84S HSH AdxHa 3

Aot (A7 5, 2022).
SHH, QIFA|5 9 Hld|oly] 7|&3 ~utEY]7]
(smart devices)®] WO E S EAFFAANE 74

74 Al 2~El(health recommender systems: HRS)3}
2ol H3FH #sto] g3 e Eobt Hlsstal
ATHEAAL, 2021). ©]2 3k HRS A7+ PubMed
AL E 715 20143 11744, 2022 1402
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2 O a7t o R FUhetal I S H(NCBI,
2023), o]ol| w}g} HRS EoFAM = ST &< &
ofe] AAFRE AAH T stz st
ohFgt A77F 218 E a1 tHDe Croon et al.,
2021). 28}, HRS #oF] #3AT & &
A7 F-oke] Atol] Hla - F=53 QA olm,
R MPATrt AAH S vAAA
ZF HES 283 d77F dEEY] AR
(<E 1> Fx), JdHT A7 Fokee dazkg
ojuf FA%1 AAE EAT Jo AV BE
3] EA$cH(Leppink & Perez-Fuster, 2019).
ofol, & AFellA = ABUEY A E-4(citation
network analysis: CNA)< 7]RFS. 2 HRS ¥ 7
FTUES AAA] 725 votstal, %S &
A8 Bzt o) HH, CNAS 88 44, &
| A =259 & AAZE oFstA YERY
o] A=, ol & siAsty] flal 1
Q13217 (graph neural network: GNN)2] &
%20 GraphSAGE ¢1g]&S &8s o]zt
AE Bebstaal st o] & S HRS 7
oF ARE FAMAE ,
WHol A HRS A75 =218 ogst
SFFS BAs B k3
A= (1) 71E9 Zﬂ%(health)
I8l A77F AAE HRS #oFo] &
ta, 2) JIBHESR A A4S &
S =dA AHEA XY
etatH, (3) 79| JISUE
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[
N

GEHAAR(HRS) 27t S8 ABUERZI 41t GraphSAGES 2E510]

2. 012X HiH

2.1 A0 A

H A+ 37k %’1‘}% i, 193t A3k gl
o750 T7t T TRt ARBIEAIZE oA, A
7 Eokoll ik AbEe] WAl STkskaL Atk
(Etemadi et al., 2023). 52| 7, 20143 o] &
U FAY 4K gross domestic product: GDP) TiH]
o] 54| H]ZF©], OCED(organisation for economic
co-operation and development) H+ 0.1% ¥ E
s B9t 4.8% ERJAE st o, 2021
d & e mrle] A3 BE HES 302%
2, OECD H2l 19.8%= ¥4 438t &=
Aoz UepdhArle, 2022). AL, ol A%
I o]=A(2019)9] AlvkE] 20l 28, 206013 ol
£ o8l Fx7F GDP M) oF 5%0l &
W AL gsste], Tl iE 98
H A Zo] B8 T 208 S5 Yok

g, ~PtEEY Asd dojElE Hutolx
(wearable device)7} STiEH, LdolA A=
= 2] Z(life log) HlolEI7} FA Rl 4
=3 oA A, 2014). E3], THdlA = 1%
HAAA 7 Aol A =r1e] oF 98%°l Edt=
ogHolEE AAA R 8 e T, A
g3k 174 HulolE 7t 755 1 JTHKim et al,
2017). ©]¢} FAlol, 22419 AY Y o]F 1%
Qb gejol] o]2A] XA dA T} A
Zuml §&5H, ICT 7]8F AntE A AA0] A
H| 2~ B3 B53h7] ARITH .9, 2020). ©]
23k AL3] o] Wzt wet YBAH|AE 7]EY
A TAAA, AR S0 He Ao
529 AR o5 UThEA4, 2021).

ojA Y o7 Ao 7RI ARl whet, B

Aol A A
SAIE oloj7ta 9}1‘4@1?‘%%, TAF, 2022). vl
9 97 JeREE AdFATH
o]-&% X 87t AFEHI JoHEFH T, 2020),
HholE & o] &3 An Xd 7]&oly HAZE
AARR Z74, B4 7&o] 7% 7|2 AR
AThEIE Y, Al&|E], 2020). HRSE ©]#3F 87
of F-&she= tEAQ St Hol=, 7|&Ee] HH
71€8 839 E o T HE7HA 2"l (medical
expert system)©|}, QS| APAA A LA 2Bl (clinical
decision support system)3}-= T2 A o] &-x}2o] AY
AR RE Z&3 JNABEFE AR 2 Al
k= Aol old e Zled= ApEstE T
<71¥ 1> PubMed AC]Eo] AAIE HRS A7
HRS &8 AT & A 74 2ok AA
ZH AT HIAAAE 1 AT 5 1
UERA A o] THNCBI, 2023). HRS9} #&# g
ATE 20143 7]1F 1174004 2022 7] 140
Aog 1 57t A4 F7kstal 1o, HRS
ks = E—fﬂ?ﬂ? 2016%_ FE] 20223714
% 1319 £33 & oke] FH AT
Hlsl #A3] &2 o lE‘r mebA, B AT
A= HRS EokollAe] QJISUHES T £4&
gromH, 7|E A% Hof ATl Bl
HZ53 HRS #ok] BAAT5 B3 549,
HRS #oFs ZY A ZUsto 2N T4 A4AE
A% A & v AT TS AAS A gk

2‘13_’
=

2.2 UZLFHA|AH(HRS)

FAAN 228 AR 73 A (information retrieval)
73 %4 7} 8 (management science) F-oFol] TIHS
1 0= 7IEE, AR T4 &olA] QA
Q3 HARE A= dugES dske

59



1,300

70

1,600 &
545
%
1,400 7
G
/ /
1,200 p /
’ 7z
424 o, 40
1,000 @ /
/é %
800 30
600
20
400
200 10
v’
L u Y
7 77 “. “ Z %. . —é_
o ] S o el
& & F *19& nﬁ’& o ~F
o;"’c)‘ q";\‘ oa"’q & g & ()6\' & S S S Y Q\'q‘ N
g 5 N 4 ) o 0 b -~ ~ " 5 "~
wise K| A1 S DE(EL T2l ) wsBHAE DRE, Bl ) = =HRs 8H(F) ——HRSEHANTF)

Foko|th(Kamran & Javed, 2015). A A 2]
ZIE2How  HYIE F(collaborative
CF) % Z&l=7]%9F HE & (content-based filtering:
CBF)3} 22 e 7|HES25E THH7] Al
A}l (Ricci et al., 2011), Aol o]2H A= 3

=
=

filtering:

-3l (matrix factorization), $13-4173 H(artificial
neural network: ANN) 3 T2j=7|9t A A 5
ot daEEd A o AR EokolA &
HH o8 FEEI Yt Wang et al., 2019).
HRS= o|2]g FHAI 2" dag|ES
ofol] 283 o2, AMGAL A 41
= A% ARE ASFo=H o]gAo
FXIANZAL, &JEA Hehs BxdE 7]
SHH(Wiesner & Pfeifer, 2014). HRS7} o] &
=3 B FEEHE 5SS AREAMIA
"R Q1 oA 2 Aolv} FRE AlFste A
2, N AREAL] EAS Wl JiQlgt
HARE A|Fth= Holt(Tran et al,
gk o2 HRS 7= HEsA A
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FH o83 =28t ol AT EAI 2
Bl(personal health record system)3} 7+o] A A%
ol MAAT} ARSGZ 7go] 8oz 9
H 3 tH(Wiesner & Pfeifer, 2014).

Wiesner and Pfeifer (2014)°] W=, HRS
ok om, ¥4, ok T 2 A ET
A% FH A AL FH, &5
I R P I =
De Croon et al.(2021)& g4kl
HRS ok AAH 1%

Y &5 lifestyle), G W4,
A A4EE F T Ul 7HA
At des FetstAnh o714 Yot
Etemadi et al.(2023)2] HRS & 21 A|A|Z 1.2
ATolMeE d¥L AH, WY HE, A8 AF
AE, D AR, AW o35, §A44 5, oAl
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HYFEHA2-(HRS) P7 S8 UBUERT 241 GraphSAGES E&310]
(B 1) HEFHAAH- 20r M3 2AS
=dAT 7 MAHEHAHAE) ATHE
Wiesner and Pfeifer(2014) | 732 | 2="lol tis) AoJsia, MAE AAst= 5 A7 2ok €T
I et al FAAZY] B AR, AFHAA Auze] Aed £ Qe
Cappella et al.(2015) HB9 gy
K d Javed(2015 AxA o] Fokoll AEHI Jv FHALE dugFol s 4¥RE,
amean and Javed@013) [ o) 2 7174 wopol 28317 g FHA2WDE Ate
Calero Valdez et al.(2016) | AFFHAAAE =8 A4S 9% 3049 ZHIHAIE AIXE
, y AAFHAAN " AFES AVHEL, FHA2H dagFo] 23 e
H 2 1A oT 1= s T =4 =] s
oA e || Mohamed <t SLCOID | g Aist A oA} Bopol Aol BEE EAEE AN
review) Schiifer et al(2017) FRA "] A dE] AR, Ao} Fo] Rl
’ FofollA Ao & BFAES AAF
Sh ¢ al.(2019) A o] 40 Aol et AZF FAY] AN A2EFH AAFFH
arma et A AzEle] gl tha) e,
DAFHAAN =" HA /A ok, BHE, J7PE, ol%F 2 #A
Su et al.(2020) e e
o= wW1d.
Yue et al(2021) FHA =" A 7 Ve BRI, Aok A8 e o
' A 7HA Y EAUYE L5 AAF
Sezgin and Ozkan(2013) | AZFAA 28l g Hzxo] AAAH & AFE 3
Ferretto et al.(2017) Zrld S o] &3 AGFFHA2Eo I AAZH 1@ AFE FHF
. FAES EAZ(scoping review)S T3 DA FHA2H FAHAH &
Hors-Fraile et al.(2018) sholl that =A= A A S
Ch 12019 ALgAFe ] FeAged 2HE W ofd WAo® FHo| AF
cung et al.(2019) HEAE £4%
. q - =
ganivll IS Loogey | EF ZAUALE Bl AFAALY BUEE ool A 39l 2
(si/es:,eizzj)tlc incay et al.( ) ofz B3
. . 17 3.0 Aldiel] LE, AJAREFY AFFAANz=H] Ve 2 38,
Celik and El¢i(2020) HzAel AHse AWy
De Croon et al.(2021) | ¥%HQl o2 st AZFHAI =R djs) 43
Tran et al.(2021) FA G wet o F FHA 2 dare]Fo]l AHEHERA E4F
. ARZFAN =" #A 94xlo] tis) 4stx, sidsior & ZAHE
Etemadi et al.(2023) A A3,
I HAAH 12 UE H, 24 dFY WES H, 71EY AAA nZoly vlAAIA 12 AT

fekste] A AISATE
E Ao A= AMiner Datasetoll A A &3}
do]HE o] &3ty JASUELT B4 & 3

o
=

2 woke 4 AT HRS Bobe] AT YEY
28 =3sta, @4 8 vlee) A7 S o
s Abnas g,
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23 HESI3 &M

(o3

HESZ #4L& HESIE 743 td<

E(node)® 3taL, o] tdE ke AABAIR
AA|(edge)E HIF22 A VEYD 725
Fpetsh= WO T A7, 2020). WIES A 240l
T2 2ol AR F shhe T4 4 (centrality) S
2, AA HEH A 54 =7} FAlddl $A]
sk ARE onlehe, et o R 54
T A)\q-(tﬂ‘zsé, 4719, 2013). x4 A4
AFEE (1) =io w2t 949 4 78 5
AAF 4 (degree centrality), 2) ==
T Aolol AR HEY BeE A
414 (betweenness centrality), (3) g+
SO OE =B Oﬂ g o e HA o
A% (closeness centrality), 1
?ﬂ?“e% Al A A FFH
e} AAEo] A=A m HEAE
ZA43h= A5 A4 (eigenvector centrality)
UATHAF3], ZF-5, 2013).
b, St JIGUES A &4 g+ 1
ol g IAS WEYIH o7 FHE] 1 B
A% 7o, UWES A A3t A
AE f18) AFAAAIS A A &8
Ho] THOtte & Rousseau, 2002). & T A3
o2 & JABUEA &4 (1) AXA +
Fo A AA 8 Bofol Fx l"%/E‘.(Bassecoulard
& Zitt, 1999), (2) T1A FEolA & woF
o] 2472 B4 (Ding et al., 2000), 3) u] NE
FEollA B4 stexet #Hd e seAE
Zkel #/A &4

l

-

=235}

O

COSRue S

Al

lm

(Calero Medina & van Leeuwen,

2012) .goﬂ Q.EJ 2= 011;]. TCc= HA-] EH)\]—O
2ZA 7I9E, =&, A 59 g AR E£=
AR}, 71, F7} 59| S FAZ chFsAl 4o

62

2 4 219 H(Noyons, 2001), AR = ==F 7+
BAZA, -B{citation), T ol%{co—cnatlo ), 35
7] <(co-authorship), &A1& T (co-word), &4
- Hco-classification) 5 TFFSH AR EA] A
#E B3l A= 4 UTHWhite & McCain, 1997).
olgigt gt JABUESNT £ T
oke] geAd 54& Fetsted f835H
8= & 9lol(Leydesdorff, 2007), 71&7 Y(Lee,
2015), A R3}+8H(Borgman & Rice, 1992), E2)3}3}
(Leydesdorff, 1994), L= E38KRafols & Meyer,
2010), Y=71%(Zhou & Leydesdorff, 2007) 5
AT ed Fx ot aRHoRE &
o].;(] u]. 7—] 71—1:1 o];g]. =z] /\] 2<El o]
oq"_rL -ofol| A U—TEX] JAEUES
]
kA, —}EX] JIBUES T #4112 Qg AAVE
HAA JepA] & A5l H AAE
40 A =7t ojx|&= £A7F A2 5
%%tﬂ B Ao A= Wang(2013)0] A A3
2} o] Q-8 BAZ} 738l B = A
Els i% 43 o] (20183-2021'3)2] AtZol] 1
WHES IFQ GraphSAGE
83t HRS M ES A B4 &8
B3, 7189 18 wAET
ofu iz} 7]-45 Xﬁ%“é, el A% 5 3 1
Fdowx, Qg HATE A dEhe AR

mlo
_\1

A Bmoy g E/7F /sl sHAt
2.4 J2f= QlBAIHDE
= QFA 7 HHGNN)-2 Scarselli et al.(2009)
o ofsfi A Md o, ez k9t gAZ
3= F g HAREY AdF2ALe] S



AEI(HRS) 217t S8 QIBUIERR 241 GraphSAGES 28510

3t G E]|=S A3t} o]# 3 GNNL 7|=9)

A T (topology) *‘% ZES

o] F&3tA &-82 o UKPerozzi et al. 2014)

wEhA, GNN-2 |4 18] Z(knowledge graph)L:

E2]Al2~®l(physical system), A = 5 1

Az 7Y ARE Aste o o] 71EY

drelERT 453 45 Hole ZeE &
UTHWu et al., 2022).

SHH, g BobdAME FAAF TA|, AR T
Al (advisor-advisee) 5= 0]%‘51- A 1YPZE F
= 47:” 9k o]-g-&hd
| £ &§staat st

o] e} AE}(Lm et al., 2020).

A 88 1HZE T3 == B
(node classification), 12 o Z(link prediction),
TR (clustering), A1ZF8Kvisualization) 53 -2
48 F38 4 AthGoyal & Ferrara, 2018).
Xiao et al.(2019)2 7 2] &7 GNN &L

Z % 3142l GraphSAGEE ©]&3le] 1gi=
o LEE ERste A4S T8I 2 M, Pham
and Dang(2021)-> GNN&] 717|829 dare]s
Q1 GCN(graph convolution network)3} Node2Vec
< o] &3t oA Fof VESL T A4

&g 33 vt Ak

o8 GNN ¢ g&8 7|1&9 & 7+ 4
3 MESIFE £48hd HHE 'dol, =9
gk kAl 1133t} 53], GraphSAGE
gE2 o] =B FoAE AR k&
9] EAS 8o EN, 25 EF
AYLE Kol 2108 deA ot
(Xiao et al., 2019). ©]ell, £ Aol A= GraphSAGE
£ HRS A7 UESZ &4 H&sti=l,

@J%
Obo

_4

GraphSAGET GCN9| A3 o|% e ¢
% % SME(Pham & Dang, 2021), FE4 S
(transductive learning)S = GCNI} &2 Ad
31 S}<5(inductive learning)S &85t &A%

< U 52 dugFow Hrpta ek
9, T34, 2020). o] duYFE WENIE T
Aot =27 $EARJ) S Wi e FF

R
Y E$] S (homogeneous network)ol| A 2 &
2=

o

O

2 5 Jom(AHolH, eFA, 2020), Al

= os 4 () 2 9 2o
W= AGGREGATE(h, ™', VueNW)) (1)
Wt =o(Wh e CONCAT(RE 10k ,) 2)

GraphSAGET 4] BHlo] H= o] =ts
°] AREE AGGREGATE ¥5 %dl st
of piE AT H, o] HHE 3)xje) Bl AR
hF~ 19} CONCATE}Y 43} g2 A dA)
3)ate] Bl AR Al E 73413 Hamilton et al.,
2017). o] FAHANA 2de HAWE F3st=
2ol thsf <5siAl =, olgA S5E BRds
53 948 4= Pﬂb} =EE EFE U
(Wu et al., 2022). ¥ d7= ©]218+ GraphSAGE
UuFS o83t QA& BAVE vlnF oFst
A Yehgs Hal =25 25 9o Bt

A3} EFE FHstaAt Ik

3. gl

i

3.1 HIO|E =&

H A= AMiner Datasetol| A A &-81+= “Citation
Network &-3H°|E]"E o]-83l3th. 3lg tlolE =

63



g3te] 434 tlolE
220219 59 1499 ¢ulo]EH DBLP Dataset
V.139E F 5,354,3097112] =& 48,227,950
%18 #ATE E3HE o] Ut o|F FEHS AAS
=, ?‘SHE* dlojElell F4E ‘ofelt], ‘=% AlE,

L=

‘%Liv‘i-ﬁd’ ﬂiv‘}tﬂ 78 1@7}
ZA5HA] = AZAE A A F 3,678,7637)

= 748t o] % 1ko| 4 (Python)
3.810 WS Fgslo] =& AlF ARZRE 147
=i ST
=9 FHATE Farste, 3%
(health, healthy, healthcare), ] S(medical) & 4
(clinical, clinic) 3} EHA| 5
recommender system, recommendation)©] Aol
F3E =78 Feule o= ST Celik
& Elci, 2020; De Croon et al., 2021; Etemadi et

F%(recommend, recommender,

al, 2023). °]% FHZ =9 o] =&

3] Ab7ol Z3hak oM, HRSSF 7 Al o]
=S A7Khealth), 2] F(medical), U H(clinical), —r7‘4

A2

L.L.EE

x99
T ==

shot

0}951\:} Mg FAL Sl HFZOZ 10846470

o] =& 836,28672] 18 TAE

2 AT FHE A=E AA =&
<719 2>¢} At}
gZ}o] B.2f2]9} Gephi 0.10.1 HZ & o] &

A3t T
o<1
=
TFHE =2 To)8 2] Networkx

83t <18

YESLF 2 =5 vHE AZEketda, olF
s}o] xR 9] StellarGraph, Sklearn, Tensorflow Keras
o] Be]g]E ©]83} GraphSAGE ¢ig]5S
TFAste Q18 FAZE o3 2018~2021 9% AR

(component)E2] A&

35,000
30,000
25,000
2000 ../ ...
5000 o ..
10,000
5,000 Laer . -
— | [
193771997  1998~2001 | 200272005 = 200672009 = 201072013 = 2014~2017 20182021
| =2 5,192 5,426 10,632 18,175 25,696 30,550 12,793
Hy 165 372 937 2,567 5,183 7,795 3,751
U 134 297 557 1,071 1,685 2,372 1,063
oz 768 890 1,743 3,235 4,413 5,282 2,721
= 85 140 631 1,784 4,078 6,954 4,017
EHYFHA 2R (R) 4 4 4 23 61 140 68
== X = = AL
(28 2) HLRFAAY U BE Hof =20 &

64

S EF%h, HRSE TAs= shel UEH=
wOFE Jetstsith
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YEHAABHRS) BT S8 QISUENT EAT} GraphSAGES B850

3.2 OOl ®A 2|

B AFto] Axe] AL o Ao A= S
ol FAE 2zl TS FUkeE A
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€ vlelEleh 3, Ad AR, 9= AR,
T E—OF HHE 3}o]2H 9] Pandas 20| BB &
o] &3ste] AU T Y (one-hot encoding)S =33
3t o3 FAS AR, HEH o E 1084647
o] =} 4437119] A= o]Fo PHE 74
=g

< N T T P O IO A

o e
A

33 CI2HER3T &M

E Aol A= HRS #oF 1A HES] =9 A
2 BAZ Host7] el Gephiel 1HZ B4
A4S o] 83l W 9727 Z(average degree),

A &(diameter), ¥ 7{&l(average path length),
A A4 (clustering coefficient)E 2}3}3A T o]
2, A WEYZY EEEEl(modularity)E
£4)310d Lﬂlé—ﬂﬁ-‘ﬂ TA8E ﬁWﬂl ot

Ho];;ﬁi ;(-]l;j_ xéiﬂ
HZ HRS FH Y EY I

59| A ®oket 1 vlg-S detstaat sk

HRS 9 AT UEHIE MFEHOE 4y

H7] SJEiA A =ES S 7|FE0 2 Yo,
1937-1997(717}), 1998-2001(71712), 2002-2005
(71713),  2006-2009(717t4),  2010-2013(71315),
2014-2017(713t6), 2018-2021(713}7) 5 & 4&
N 712 Rt #48 Algstath ot
1o A, HA = 23sh] flE A

AT} AR o]F AHRE 1997I7A 7]
e QA Fgken, T AR B9, =&
o] 5437 18] Uer|174A] A o' 33

Aol 7]7to] B slthE Wang(2013)9] AT
A wet, REdHE 014%1 3| Aol A A
stk AAR 127 A, B A=
7F 185 22 096801, HA A5 TEIA
= H IQUE 47} 9342, <717H2] 593.599]
Hlg dEHo g e AHAFgS Hols Z1o0=
Rt mEbA, 2 dAFddAE e BARES
+ EEHZEE 48l GraphSAGE
& olgdl Ve 3¢ VESIE
al
3 H =5 1L TR 7136 7A€
EQA ANA3) Azt k& g, HA S B
057525 Zln, 0#7%31 B AQ0E 7 AF
& Axledth =

%}04 HRS 477} of®l A7 #oks} A= o]
DE=AE AZEe] S5 met AAskSH. o9

Alell, = AT Zope] AER FolE M
EHEFO BN, HRS TR A7} At whe} of
" FFe BoleAE A rATe s,
HRS9} 1 A8 £ope] 719 = Bl =8 o4=7]
& ARt wet duEossn, AT 559 2
7bee Zob AAstA skl
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3.4 GraphSAGEE &%t HEH3 2F

1=} [e]
Téjl'i

B AFoAE JISUES A 85}
HRS @4 A7 &S AFHos ARz
Stttk ok, 71217°2] HRS 2 3 AT Bof
£ dofgtel] 9lo] FF HlolE= A ARE &
I AL E Beta, @) & 3id oo =&
& 18 WAZE veh] wiel -84
Ea 49 Agxrt gold ¢ ri(Wang,
2013). ol we}, B AjoMs ez 4
8tz Fxo}l 7 wEo) ARES S uT
% = GraphSAGE ¢alg]5< &8st 717t

T ATEES BRI o S Hs)

=

=0
=1

Text-Mining

Search Engine

Recommender System

Ontology
Information Science

a2k AT 4 AA L WA, AA volHE
TV EY 716 7HA, 1Al TR T E 242
T8t WA, AAE SkaEelE, A4
A2 EF(inductive classification)e] E|~E d]
o|E|Z o] &3ttt st Ao B8 =
= Relu® AHESF3AL, H$2H 2 2= Softmax T
5 AHE-3SIS T Optimizer 2+ Adam Optimizer
& A8 9™, GraphSAGE®S] Aggregation 3
TE+ MeanAggregators AHESISITE Sh5
oA 25%2] Hlo|ElE 7F dlo|El(validation
data)2 ©]83t, o] W Wit JEZT &4
(cross entropy loss)= 0.8765, 3} % (accuracy) =
74.55%% JERTE

Health
Recommender System

Information
System

Data
Mining
Mobile
Computing

_ Wireless
ToT

Internet
Privacy

Computer Vision

(ad 3) HA HE/HZ Alzat
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HLFHAIAR(HRS) S7 S8 ASUHEYI 241t GraphSAGEE &850
H 2) HRS = of¢l HEYFAS 7| & A7 =Z0f
=2 "Hg |=2 T = ol 2ok
1 14.43% | 15,648 Recommender System Recommender System
2 | 11.07% | 12,002 | Health Informatics, Electronic Health Record Health Care, Information System
3 | 929% | 10,080 Health Care, Intemet of Things, Health Care, Wireless
Wireless Sensor Networks
Feature Selection, Support Vector Machine, |Data Mining, Pattern Recognition, Mathematical
4 8.27% 8,973 L
Neural Network Optimization
Feature Extraction, Image Segmentation, Computer Vision, Pattern Recognition,
5 7.57% 8,210 . . . .
Image Classification Facial Recognition System
6 7.17% 7,772 Natural Language Processing, Bioinformatics Annotation, Text Mining
7 5.73% 6,214 | Mobile Computing, Ubiquitous Computing, Sensors Mobile Computing, Internet Privacy
8 5.41% 5,871 Semantic Web, Description Logic Ontology, Information Science, World Wide Web
9 5.38% 5,868 Information Retrieval, Data Mining Web Search Query, Social Media, Search Engine
10 | 4.85% 5,836 Data Privacy, Cloud Computing Internet Privacy, Authentication, Cryptography
(B 3) JBHESRZI 24 A
712t M HEHZ HE ot FH A7 Zot
ok L rE & 5,192
e Data Mining(18.16%)
: o ! =z d3 5 14,359 Expert System(14.75%)
< ol e s — e Search Engine(10.42%)
e Sl ® B A2 A= 2.776 Information System(9.9%)
(%‘ e O"" 0,
~1997 ¢ 2= 16 Ontology(7.11%)
% o i Computer Vision(7.11%)
B A 4.702 Internet Privacy(5.2%)
s Recommender System(3.99%)
e W mee | 594 Text Mining(3.74%)
* s Mobile Computing(3.47%)
AR A 0.104
rE & 6,264
Data Mining(15.24%)
EEA 10,293 Information System(13.56%)
- . Expert System(9.64%)
B dd A= 1.643 Search Engine(8.31%)
Recommender System(7.85%)
1998~2001 A& 14
! Ontology(7.39%)
P Az 3.841 Computer Vision(7.34%)
Text Mining(6.01%)
He A& F 432 Internet Privacy(5.2%)
Mobile Computing(4.02%)
a3 A< 0.071
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o o
7|2t A HESLZ HE s FH A7 Fof
e o T F 10.632
e OO--«{'j Information System(13.94%)
s .@gz .é@i : l DR 16.017 Data Mining(11.43%)
e - il o Recommender System(9.95%)
L% ¥ Wit Ad A= | 1506 Ontology(9.63%)
20022005 & L et A= 1" Computer Vision(7.28%)
g : i = Text Mining(7.25%)
o 2 O : s 37 Az 2587 Expert System(6.42%)
; o e : Search Engine(6.25%)
o’ b ] W Tl &= | 306 Wireless & I0T(5.58%)
9: o Internet Privacy(4.94%)
2z A= 0.062
w5 18,175
TR Information System(13.2%)
S EER 26,536 Recommender System(11.72%)
R [ Ontology(8.84%)
v e W A2 AE | 146 Data Mining(8.58%)
2 o Wireless & 10T(8.28%)
2006~2009 oI ¢ AE 13 Computer Vision(7.02%)
: . d ] @7 B Ag 3.129 Text Mining(6.94%)
‘%0 . Search Engine(6.36%)
e P oolg 2| 157 Mobile Computing(5.36%)
°°_% o Expert System(5.35%)
e A3 A 0.055
e LE & 25,696
@@:@ St Recommender System(14.22%)
4 £ EEA 39,714 Information System(11.59%)
9 i Wireless & [0T(10.81%)
Flol < ; B 92 A= 1.546 Data Mining(7.35%)
2010-2013 o o ) : A= 1 Computer Vision(7.34%)
L ;m@.o 3 o - Text Mining(7.12%)
G B3 Az 3,079 Mobile Computing(6.92%)
S g Internet Privacy(5.66%)
g . B A F 99 Ontology(5.12%)
i Scarch Engine(4.83%)
. AR A 0.051
Seia O = F 30,550
4 Recommender System(17.08%)
CEERS 53,128 Wireless & 10T(11.87%)
(;, : He o e 1739 Information System(9.48%)
Qi & 3 o= = ©= : Computer Vision(7.55%)
forr il S < Text Mining(7.55%)
20142017 i @G O AE 18 Mobile Computing(6.47%)
: OQ"O o SO B A 3.848 Data Mining(6.26%)
o e 5 i@ 440) Internet Privacy(5.65%)
g C()J T HF 9ele 4 64 Search Engine(4.58%)
3 O@° o ?@ b Expert System(3.21%)
e - A A= 0.049
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4, A8

4.1 IEHESRT £ 21}

2 AT 4 7&?%%2:—
o] AT WA A
o2 YEYFY] ‘;Et
A A4 362867117}
Wi AFAAEE 771019, HESL A AFLS
44, He 74&1—: 8.509% UElTE 319 U ES
3E yetslr] Q& ZEHEHE E43H9a,
o]& F3l AA WEY A 227]9 3¢ UE
A7t EAE FRlskdth <18 3> Gephi®l
EEdgE 248 ol&ste 20181 ol 34
10712] AT FH& Moz FES 5 HA YE
A2E N3 AR o™, HRS =% 4-Foll=

¢

108 4647H o, A
XH St HES Z9

Ha 2718 BA F =07 BHEE 5
o] Z7]& UESZolA A AA% =(in-degree)

E Fdsta e, Ha 2= 1, A 27
1,0000.2 FAHUTE o] ML Gephis &
3 Yeol= wiAENoH, REHIHE B3l T

1 2 E

—+—Data Mining —=—Expert System Search Engine

——Internet Privacy ===Recommender System ==—Text-Mining

(A8 4) 7IME0CRN - 7176) 4 ¢7t 2019 Hig

—+—Mobile Computing

H =2 AE UE
5 Rof 7195, o
T EoF 7‘4_% FEoAUTE ol %, BopdE A&
floll L3k 71 =9t AT ok ARE Fol U
ERAATHSE A 9)). o€ &8 HRS 9 A7
EoF2 =, ‘Recommender System’(14.43%), ‘Health
care - Information System’(11.07%), ‘Health care &
10T°(9.29%), ‘Data Mining & Pattern Recognition’
(8.27%), ‘Computer Vision’(7.57%), ‘Annotation &
Text Mining’(7.17%), ‘Mobile Computing’(5.73%),
‘Ontology & Information Science’(5.41%), ‘Search
Engine’(5.38%), ‘Internet Privacy & Authentication’
(4.85%) 5ol }—xﬂf&& shefstginh. B ATo)A
€ olgA £FE Eokg EUE ARA BXe
REIcS
FO2, & ATME HRS A7 5=
shotsl] glal AA VEQ DS IR Y

a 5 &
Information System  —Ontology
=B=Wireless & loT

=8=Computer Vision

29| g3t
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of AIFZQ 4L FdsiATh B4 Aae
<3 3>° AAEFHOH, 2
74t Aget =& A g, B 9 A5,
A&, Bt A, Bt 9AE F, ARAT T
BAEAT ©o] T A3t AEE Gephid] 2E
212 E #4883t ’byﬂ 07e] A7 9=
Ao g FEetal 7|3te] o] TEHEG
o|F, 7} 7|3te] YES 5 WA dAH = v}
wEo i V= |, U 2712 1,0000.2 3}
w3, AR FH AT EoRY
1§85 &=l w2t AAEIRT o5 B3l ARt
Hslol] & FH AT Foke] W} FolE Jot
shelal st om, o] gk Wish s <Id 45
B3l AAlskal ok ©, HRS #oFe] <7]x17° 8t
=A| AKo| 739, HolE o] 7} Ao A lsisith
<a" = VIRICEH TIRe A = AT
ok v =95 A A3s A2, HRS FH
HES| Zol|A oj" Zoke] exprt F3tsheA|
71 FolE HET Ak AAF o E HokS ),
AZto] Aol whet =8} J A9 ake 7t
she A3e Bt R, Hi dAAEE A
Zrol whet A& 02 ZHAasithrt, 20108<S 7]
o= A Asshe 'G‘% Btk AA &k
o Ao Bt FQlE 9]r HAATE=
ol wheh A& A FHadhe BagS Wk 7
A+ HokE A3 H ™ Recommender System -
of= 8= E AR, HTode 1e9=
HolE31 L, HHH, Expert System #-0F= 25=9] 9]
ZASAARE, HZ= 10292 vlud e
Holl &3ta1 St vE7EAI 2, Search Engine &
OF% 39 &2 A AEIIAT, 9 E T &
e Holil e T & vk vk
Mobile Computing 2} Wireless & IoT #ok=
2474 1029, 1A= AFste] A2 69, 2
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FAZE 532 ™, Computer Visiond} Text
Mining #°F% Z+2} 6%% N 4=, 959
oA 5=HE A g RIS & F
At

HRS A7 &0k}t 1 A7 woke] 719 9 &+
8 8k W3] S AR, A HRS —v—OH
8%, 201095 ojHell&
Decision Support System¥} #-2 7]9]=7F 5%
7L, 201038 713 © & Recommender System
o] 7|9ER FTA&s] AAAES & T AU
o] ¥l %, Personalization ¥ Privacy2} 22 7]
Hert S8k Jiist 2 R K G of Tigk il
o] 7kt U5& & T UTh T8 TEA| 9
7%, 20103 °]H o= Journal of the American
Medical Informatics Association(JAMIA)7} 2
YERg oL, o] %= J. Medical System, BMC
Med Inf. & Decision Making 5] #/'d¢] Yeht=
AL AT = Aok HIFTHO=E, 15599 Ho

= Recommender System #°F2] 7-¢-, Z7|ol=

Information Technology,

Collaborative Filtering®} Information Retrieval©]
7|9 EE ST, F 2ol E0141+= Information
Filtering % Deep Learning®] 7|9 =2 4TS
& A F
of the ACMo]1} Intelligent User Interfaces 5]
Sl o Al H-E] RecSys, Expert Systems with

8 g<=A]9] 79, Communications

Application, Conference on Information and Knowledge
Management 52| <27} eSS & 4 T
o]= xatalo] LpmR| Koo )3t 7]9ee] =
ol <X 42 AAFHL I Tol| AIH
71z oﬂ/\i JNeNA Y] A= V2 REY

7d%-ol= GraphSAGEE &3l &/ ARE 9]
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B 4) HRS ¥ = A7 20F A70E 4 7|¥E Y of&X| 2M
=0} 7= st=X|
Health Care and Public Health, Journal of the American Medical Informatics
Software Systems, Information Technology Association
. Journal of the American Medical Informatics
Constructive Assessment .
Association
Computerized Medical Records, Journal of the American Medical Informatics
Decision Support Systems Association
HRS Clinical Decision Support Journal of the American Medical Informatics
uPp Association, MedInfo
Medical Information Systems, J. Medical Systems, BMC Med.
Recommender System Inf. & Decision Making
Collaborative Filtering, Medical Information J. Medical Systems, RecSys, BMC Med.
Recommender Systems Inf. & Decision Making
Recommender System, Personalization, Privacy -
World Wide Web, Information Retrieval Communications of the' ACM,.User Mgdel
User-Adapted Interaction., Scientometrics
Collaborative Filtering, Recommender system, Intelligent User Interfaces(IUI),
Information retrieval Communications of the ACM
Recommender System, Collaborative Filtering, Web Intelligence, Knowledge Discovery
Data Mining and Data Mining, User Modeling
Recommender System, Collaborative Filtering, RecSys, Expert Systems with Application,
R d . .
ecommender Social Network World Wide Web
System
Recommender System, Collaborative Filtering, 'Rec.Sys, Expert Systems with .
. Application, Conference on Information
Social Network
and Knowledge Management
Recommender Systen.1, Col.labérative Filtering, RecSys, UMAP, SIGIR
Information Filtering
R t 11 tive Filteri
ecommender System, Co ?bora ive Filtering, SIGIR, World Wide Web, CIKM
Deep Learning
. . MIS Quarterly, Commun.ACM,
Inf tion Technol Inf t t
nformation Technology, Information System Information Systems Research
Health C Inf tion Technol
calth Lare, fniormation Tecinology, JAMIA, MIS Quarterly, Commun.ACM
Information System
Health Care, .Informatlon System, JAMIA, HICSS, AMIA
Information Technology
Inf ti Health Inf tion Technol
frormation calth Care, In o'rma 100 “echnatogy, AMIA, AMCIS, Decision Support Systems
System Information System

Health Care, Health Informatic, Medical
Information System

J. Medical Systems, BMC Med. Inf. & Decision
Making, Computers in Human Behavior

Health Care, Electronic Health Record, eHealth

BMC Med. Inf. & Decision Making,
J. Medical Systems, HICSS

Electronic Health Record, mHealth,
Health Information Exchange

BMC Med. Inf. & Decision Making,
J. Medical Systems, HICSS
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IEEE Jounal on Selected Areas in
Packet Switching, C ter Network L
Communications of the ACM
) Knowledge-Based System, Land Mobile Radio, Mobile Computing and Networking,
Wireless Network MobiCom, INFOCOM
. SenSys, INFOCOM, IEEE T ti
3 Wireless Sensor Network, Ad Hoc Network cnsys R . ra{lsac lo.n.s on
Information Technology in Biomedicine
irel
Wireless Wireless Sensor Network, Protocol, Patient IJSN, IEEE Transactions on Information
& IoT 4 - . . .. .
Monitoring Technology in Biomedicine, Pervasive Health
5 Wireless Sensor Network, Electrocardiography, |IEEE Transactions on Information Technology in
Body Area Networks Biomedicine, Enterprise IS, J. Medical Systems
6 Internet of Things, Cloud Computing, J. Medical Systems, Wireless Personal
Big Data, Wireless Communication Communications, IJDSN
7 Internet of Things, Cloud Computing, Wireless Personal Communications,
Medical Services, Security, Monitoring J. Medical Systems
1 Pattern Recognition, Machine Learning, Machine Learning, Artificial Intelligence In
Data Mining Medicine, Pattern Recognition
2 Data Mining, Classification, Neural Network Artificial Intelllgénce n Medlcme, KDD,
Machine Learning
.. . Artificial Intelligence In Medicine, KDD
Data M Feat lect Neural Network ’ ’
3 ata Mining, Feature Selection, Neural Networ Journal of Machine Learning Research
- Data Mining, Feature Selection . .
Data Minin i ?
g 4 Support Vector Machine Expert Syst.Appl., Inf.Sci., Pattern Recognition
Data Mini Feat lecti
5 ata I_}EZ’;’Y/’ Seeta ;LZ;; ection, Expert Syst.Appl., J. Medical Systems, Inf.Sci.
6 Data Mining, Clustering, Classification Expert Syst.Appl., Inf.Sci., J. Medical Systems
. . . . J. Medical Systems, Neural Computing and
Feat Extract 1 ficat lust
7 eature Extraction, Classification, Clustering Applications, Multimedica Tools Applications
I tati F R iti ..
1 mage Segmentation, a-c‘e ccognrtion, IEEE, Pattern Recognition, CVRMed
Computer Vision
) Face Recognition, Image Segmentation, MICCALI, International Journal
Medical Images of Computer Vision, FG
3 Image Segmentation, .Featu.re Extraction, NIPS, ISBI, IEEE
Image Registration
Computer 4 Image Segmentation, Fe?ature Extraction, CVPR, NIPS, IEEE
. Image Retrieval
Vision
Feat Extracti I tati . .
5 cature Extraction, Image Segmentation, CVPR, ACM Multimedia 2001, ISBI
Image Classification
Feat Extracti D L i
6 cature extraction, eep Learming, CVPR, MICCAI, Multimedia Tools Appl.
Feature Extraction
. . Multimedia Tools Applications,
D L I tat
7 ecp Learning, Image Segmentation, J. Medical Systems, IEEE Journal of

Biomedical Imaging

Biomedical and Health Informatics
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| Natural Language, Information Extraction, JAMIA, Journal of the American Medical
Information Retrieval Informatics, Computational Linguistics
Natural Language Processing,
2 . . JAMIA
Unified Medical Language System
3 Natural Language Processing, Unified Medical AMIA, Journal of Biomedical Informatics,
Language System, Text Mining Bioinformatics
Natural Language Processing, AMIA, BMC Bioinformatics, Journal of
Text Mining 4 . . : : :
Algorithms, Text Mining Biomedical Informatics
5 Algorithms, Natural Language Processing, Journal of Biomedical Informatics,
Bioinformatics BMC Bioinformatics, AMIA
6 Natural Language Processing, Journal of Biomedical Informatics, CLEF,
Electronic Health Record, Bioinformatics BMC Med. Inf. & Decision Making
7 Natural Language Processing, BMC Med. Inf. & Decision Making,
Electronic Health Record, Deep Learning BMC Bioinfomatics
1 User Interface, Awareness, Computer Support CSCW, CHI, Commun.ACM
) Augmented Reality, Ubiquitous Computing, CHI, Computer-Supported Cooperative
Health Care Wo7l 96, Agents
Mobile 3 Ubiquitous Computing, Health Care CHI, CSCW, Personal and Ubiquitous Computing
Computing 4 Health Care, Everyday Life, Mobile Computing CHI, PervasiveHealth, UbiComp
5 |Health Care, Mobile Computing, Ubiquitous Computing CHI, UbiComp, PervasiveHealth
6 Miscellaneous, Design, Health Care CHI, CSCW, PervasiveHealth
7 |mHealth, Mental Health, Internet of Things, Sensors CHI, PervasiveHealth
1 Knowledge Representation, Knowledge Base Commun.ACM, J.ACM, Inf. Process. Manage.
2 |Description Logic, Knowledge Base, Semantic Web VLDB, IEEE
. . . . International Semantic Web Conference,
3 Semantic Web, Description Logic, Web Service WWW, SIGMOD Conference
. L. . ESWC, Journal of Biomedical Informatics,
Ontology 4 Semantic Web, Ontology, Description Logic International Semantic Web Conference
. . . . J. Biomedical S tics, J 1 of Biomedical
5 |Bioinformatics, Biomedical Research, Health Care fomedica eman 1es, Journa’ of Bromedica
Informatics, Expert Syst.Appl.
6 Ontology, Semantic Web, Bioinformatics J. Biomedical Sema?ntlcs,.BMC Blolnformatlcs,
Journal of Biomedical Informatics
7 Ontology, Knowledge Representation, Big Data OTM, J. Data Semantics, BCB
1 | Information Retrieval, Indexation, Query Expansion SIGIR, Inf. Process. Manage., JASIS
2 Information Retrieval, WWW, Search Engine SIGIR, JASIS, Inf. Process. Manage.
3 Information Retrieval, Query .Expansmn, SIGIR, TREC, CIKM
Support Vector Machine
Search Engine| 4 |Information Retrieval, Data Mining, Search Engine SIGIR, CIKM, WWW
5 |Information Retrieval, Data Mining, Sentiment Analysis CIKM, WWW, SIGIR
6 |Sentiment Analysis, Information Retrieval, Twitter TREC, CSCW, SIGIR
7 Social Media, Sentiment Analysis, SIGIR, CHI, WI

Machine Learning, Deep Learing
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1 Access Control, Data Privacy, Cryptography CRYPTO, IEEE, EUROCRYPT
IACR Cryptol Print Archive, CRYPTO
2 Access Control fYpofogy HIIM FATChve, ’

ASIACRYPT

Data Mining, Access Control, Data Privacy

IACR Cryptology ePrint Archive, ACM, IEEE

Internet

4 Data Privacy, Data Mining, Health Care

IACR Cryptology ePrint Archive, IJSN, ACM

Privacy 5

Cloud Computing, Health Care, Data Privacy

J. Medical Systems, IACR Cryptology ePrint
Archive, IEEE

6 Cloud Computing, Privacy, Authentication

J. Medical Systems, Peer-to-Peer Networking
and Applications, Journal of Medical Systems

7 Cloud Computing, Privacy, Blockchain

J. Medical Systems, ICCCS, J. Ambient
Intelligence and Humanized Computing
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< At ol¢} I, BREHEEHE §
A= £  $IY Data Visualization
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H 5y 71217 HRS ¥ 97 20f 24

=2 2E8ElE 27 GraphSAGE 27
1 Recommender System Recommender System
2 Wireless & IoT Text Mining

3 Computer Vision Computer Vision
4 Text Mining Wireless & IoT
5 Information System Information System
6 Internet Privacy Mobile Computing
7 Data Mining Data Visualization
8 Mobile Computing Internet Privacy
9 Web Search Query Data Mining

10 Maﬂgﬁ:icjiog;ﬁzuon’ Web Search Query
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ULFHMAEHRS) A7 S8 ABUIEYT =410t GraphSAGES &30

A HHA HRS A7+ ‘Recommender System’ 3}
‘Information System’ ok} 7 ZA A¥E
AL A& & AUk ¥t ofuz}, “Wireless
& I0T’, ‘Data Mining’, ‘Computer Vision’, ‘Text
Mining’ okt s FA| AT B5S Kol U
©1, ‘Mobile Computing’©]1} ‘Internet Privacy’
o 2+ Hofele Ao FHEH AN o] F Fal,
HRS A7+ ©<eshAl HAlo FHA 28 &
&L ol A&sh= Aol 1A4A &, A
7 BRE T 2ntET|ZU, o#A
H HIAY HeolEHE 7ok EokA] ZHA
A= e Ao R Fotdn) pEo] F3A
2H o] AtE AE o] AFE HHAT Hoko
y

Z 8-S 2A35aL 1E Information Systems

ot

o] HRS o] A5t T Medical Expert
System®]1}, Clinical Decision Support System}
2 AR A o] FEEUY BokE AuEoR
A, vlge] HRS A5 g ofelto g 2H&
T AeS AAE rRA RO 2 HRS AT
A= 1A FHE FsHA #elshe &oF
o} FR&taA}l st ARE ofF WA o = ALE-
Aol Al A& Aol thgk wofoll thsiA e Hl
g FaAo] J& FoE Fednh

= o FAROE, AZtel| WE W3} FolE
AW E, HRS 17-9] -, 7IZH 9= Software
System¥} Information Technology”}, ‘71130l &=
Computerized Medical Record®} Decision Support
System©], <7134’ 9| = Clinical Support System®]
Zzy 2 7|19 ER BEEIT o]F TIX5FE
Recommender System©] 7| E2 #ZE 7] A2t
stmom, 71Zk7el o]2# A= Personalization
3} Privacy7} A28 719 EZ HOE A& &<l
< o Atk o]F S3ll, HRS 72 E42%1 Al

HES 71715° 0l Sjdehs 20109 A FE vjotet

T Ak %79 HRS A= 7oA HL2sk
ABXARE HEHHYS= Medical Information

Recommender System$! ACS.Z2 Iet=w AHxA|
o ol22iAe MABEE 28A2HF ol&
A8kl A7k i R okl 23S
231 dee gt 5 vk

8, HRS 74Pt dujriol & A Zokzs,
Recommender System, Wireless & IoT, Computer
Vision, Text Mining ®°F2 e} 4= 9lt), o] =
ok 71zt el Bls) 71336 4 HRS F1
T Zokll A AAsHE HIEo] THEA e
Hofo|m, o] Hopi= oFde] A7 FHL A
3] 918 WA e ek & ek
&g ATAE A AxHUE, SHtE F
AL fsiAE A A BRI Dash o]
£ FHs] AT AR VeR Tkt 2nt
EZI7I7F dFEHa v wEbA, el HRS
NS M A E e FHAI 2
deo] darg|FErt ofye}, 2nEZ|7IE ol
g o] 1A Holy 4 Zled = HFsloF
& deAo] v & 5 Aok tEo, o]FA
T34 dlo|HE 7}&3l= Computer Vision©|L,
Text Mining 7|& 5 A&3sb7] ofg2 14 A

£ gt hEse 9F =3 aTEty
2 59k

npAsto 2, S| Fokge| Z17hE F)9ls W
FS AR, Recommender System #Ok= %
71¢] World Wide Web¥} Information Retrievalll
] Data Mining, Social Network, Information
Filtering, Deep Learning®] A2 ¥H3}7} Yelhd
WHH Wireless & IoT #oF= Z7]oll= Packet
Switching, Land Mobile Radio, Ad-Hoc Network
T3 2 719 = et o, o] 32 s

o e

1

L ol

75



Internet of Things, Cloud Computing, Big Data &3}
& 719157 28%s ER1T = Utk Computer
Vision -0k} Text Mining #-CFol| A% 3 Deep
Learning, Biomedical Imaging, Bioinfomatics2} 22
71957} SRS ST 5 Ut olF T,
Aol 71&2 532 Deep Learning &= WZ 7|
o] 53k 12, Recommender System, Computer
Vision, Text Mining &3 22 thFgk #ofof &
SH I S & & Utk weEbAl, HRS EoFe]
o2 Eoko] Deep Learning €]
nskA v 87t 9lor,
she dagEs WEA 83t 2o a9

91 HRS 7o) QoA #3927t B o=

5.2 A|AHE

2 AT AL o] 23 A, AFA A
Ao R Yol AHE £ itk 94 o224
AN 2E AA, B AFe 71&dd F3E A
© HRS ¥4 EdAT9= 24, JASUES
g3t ATE YT O EHN, HRS
T HESZE S AAHR] 9% dAE
0 AATE =A, B A= HRS FH A
470 DR E o] J19lEet Ad
AW Eo RN FH IS AAHL
2 A9E £ ok v "oz B AFe
GraphSAGE ¢ E]|ES F7HHo2 A 83l
1§ FAZ} Al UERUE 7Rt A 9] ER/E
woh gsiA sk, olE Tl AET 5
ARE APk HolA o9& & 5 Utk

gH, B ATte] AF-AQ AAPE-S A4 HRS
A2} A7 Fof FAAY] YA R Lol
2 E 4= Qlgh $-4, HRS A7A B M=

¢

-

L

i

fand

76

B Ao A%E B3 A 4A9) HRS @
T} of@l kst WG Aol YEAS sho}
g 5 glom, ol Hio] Azl e 79
o W3S rofstel AFo| AAH e B3] of
| PHOE Yo heAE BT 4 YTk |

B 53, ATAZE U 71&0) BHS A%
o o

ek, olek 9

dlolg A2, F3A=H

[
i3
=2
L
&

ook
2 >
= o
)
i
N
>
O
4
P
0
R

w4

o A FsaA Fh, of 8
o] Folo] glom, WA ofwdt 7]%Eel
A8 AAHOR st 5 9
olck. ol2 B3, AF7HA AFHAUL A
o B B AusE AT 5 9
2 vhAE = 9 Zolm, Fushs
7oA Aobdy] 9% WAL
g AoZ slu,

=
[>

Lo

o

E N
2 E

1)
2
[
+

53 BHAIE ¥ &% oiTus

A B AT dAHLS a3 2ok AA,
B 99'+= AMiner-DBLP V.13 Datasetol 4] HRS
o} ABAo] Z Aoz vty vk 109+ 7)9]
e 5ol ASHEYIE 43+, HRSS
sl F2st FEFE BEsAA Sl o,



HBFHAAE(HRS) A7 S8 ABLIERT =41 GraphSAGES &&310]

ACM, Google Scholar, PubMed 5] & A3}
Aol E9] HolE 7} 2 E o] 1A &7 W&,
B AT Axy} RE HRS 97 722 A4S
& QA= AL EAE E4, B AT 7]
E AAH 1Z PHES we} =5 AFo) &
A 719E7F T3 =1L 4 AEsle 2
o] g3ttt 2, o] HAFolA 71 E,
ok, Add, 25 59 ARE &8 X
39z, ololl el HRS & Aol sl =
E7eta AQEAS 7Hsdol v =iEEC]

]

reo1x

4 2

ZABY. o)A AFAY Fo] YD 1A
b AR Lo, AAG AHe HAL Fa
o1 $h3| AASA Rk He IAPoE

= F Uk e ®E, B A= GraphSAGE
o & HA dagEEs Aeate] B4 A
5T e A=tk "ollA et Ao 1
Hu, tlolee 27] BAR w7k ool (raw
data)E |83t S 21Pg Zlo] oz,
TARe] Festel] 7l Holy dFol sig &
1EES ALtk ol AR AHHT.
weba, & ATl = HolE e I A
g, defFe A&ol oA oS Bgsta o

i_‘

E 2351 (References)

=W &8

A7, A, S, A, FAEAH. (2022).
MIS Quarterly 9758 A EIrdy
g 719E VES A Y &8 IEFEIT,
28(2), 207-235.

718, 2022). BT 5 A=) 74T o) s
A& B ZFEXEZH 18 -33.

283, oF&2] (2015). AAZF L Z/MEREA A
A 0 2 ule}R 7). The Korean Journal
of Helicobacter and Upper Gastrointestinal
Research, 15(2), 73-79.

284, T4%. (2022). Y% gxE A2HA 0
A AAY B3 AAMY. The E-Business
Studies, 23(5), 177 - 191.

=44, o21). BEeE Altle] HAF H.
offZzjof HFFHAIE, 3(2), 74-77.

HEE3] (2021). HIZE HES S #4415 &85 g}
W FF o] ATFFA A Multimedia-Assisted
Language Learning, 24(4), 214-239.

HhEy, #A7]9. (2013). 53 1& AL 714
datell MRl VI AEFEZET 1903),
127-139.

v, AlE . (2020). 2L 19, AEHE ALE|E
7V&sksit. o)k Z/H, 1-26.

X0k (2020). A4z} A Alhell lojA &35}
Akl WHEA, AP, 34(1),
19-35.

Q9] (2020). XAEF 2 i AlUle] 7159
43} V2. Korean Journal of Adult Nursing,
32(3), 221-222.

olFE, AT, AT, ol (2012). HIE H]
olele} A=A HolEE o] g3 AYAEt
ATEA BN, FYHITHIIHY, 2,
97-117.

oJFE, o]44. (2019). == H] FA 9} 1
BEof tisk ALY, HEF PSR 117, 43-68.

283k (2022). 5 SYFORE B A HH
£ ¢17] 1: BA% SDC FAI=Hkd Q1
olFH SAtICIHE SR FE 72-77.

73 (2020). =W EHARSE Lo shEx| 9

77



USHES TR, =355 544),
221-238.

golel, kA, (2020). °|F VEYA TS
283 HinSAGE 7I%b FHA| 28l KMIS
International Conference, 294-295.

AF3], 2%F$. (2013). UCC FHE Y3+ A3

HESZ #4& 283 dY ZH3 713

AT Y H =SSR 11(1), 185-195.

A A, (2014). A=A gojE t]nfe] 29
533 A} KHIDI Brief, 115, 3-20.
Z01%, 2Tt (2011). &4 Y EL F9} Hlo]E
ulold7H-& &83 e EoF 4 2 8%
NN EFH. As=FE A7 17(1), 127-138.

Am]. (2020). ZEUHERO]H 27 E 54199} H] )
A9 O3-& A AA. ZHEH Issue &
Focus, 374, 1-8.

HAQ, T4, 2022). k= U T dS5S
A% TN AT PIE. PTG
S lE = F, 1244-1246.

(=9 &3]
Bassecoulard, E., & Zitt, M. (1999). Indicators in
a research institute: A multi-level classification

of scientific journals, Scientometrics, 44(3),
323-345.

Borgman, C. L., & Rice, R. E. (1992). The convergence
of information science and communication: A
bibliometric analysis, Journal of the American
Society for Information Science, 43(6), 397-411.

Calero Medina, C. M., & van Leeuwen, T. N.
(2012). Seed journal citation network maps:
A method based on network theory, Journal
of the American Society for Information Science
and Technology, 63(6), 1226-1234.

Calero Valdez, A., Ziefle, M., Verbert, K., Felfernig,

78

A., & Holzinger, A. (2016). Recommender
systems for health inormatics: State-of-the-art
and future perspectives. Machine Learning
for Health Informatics: State-of-the-Art and
Future Challenges, 391-414.

Cappella, J. N., Yang, S.,, & Lee, S. (2015).
Constructing recommendation systems for
effective health messages using content,
collaborative, and hybrid algorithms. 7The
ANNALS of the American Academy of
Political and Social Science, 659(1), 290-306.

Celik, E. D., & Elci, A. (2020). A survey on semanticized
and personalized health recommender systems.
Expert Systems, 37(4), e12519.

Cheung, K. L., Durusu, D., Sui, X., & de Vries,
H. (2019). How recommender systems could
support and enhance computer-tailored digital
health programs: A scoping review. Digital
Health, 5, 1-19.

Choi, J., Yi, S., & Lee, K. C. (2011). Analysis of
keyword networks in MIS research and
implications for predicting knowledge evolution.
Information & Management, 48(8), 371-381.

De Croon, R., Van Houdt, L., Htun, N. N., Stiglic,
G., Vanden Abecle, V., & Verbert, K. (2021).
Health recommender systems: Systematic review.
Journal of Medical Internet Research, 23(6),
e18035.

Ding, Y., Chowdhury, G. G., & Foo, S. (2000).
Journal as markers of intellectual space: Journal
co-citation analysis of information retrieval
area, 1987 ~1997, Scientometrics, 47(1), 55-73.

Etemadi, M., Abkenar, S. B., Ahmadzadeh, A.,
Kashani, M. H., Asghari, P., Akbari, M., &
Mahdipour, E. (2023). A systematic review
of healthcare recommender systems: Open
issues, challenges, and techniques. Expert



ULFHMAEHRS) A7 S8 ABUIEYT =410t GraphSAGES &30

Systems With Applications, 231, 118823.

Ferretto, L. R., Cervi, C. R., & de Marchi, A. C.
B. (2017). Recommender systems in mobile
apps for health a systematic review. In
Proceedings of the 12th Iberian Conference
on Information Systems and Technologies
(CISTI), 1-6. IEEE.

Goyal, P., & Ferrara, E. (2018). Graph embedding
techniques, applications, and performance: A
survey. Knowledge-Based Systems, 141, 78-94.

Hamilton, W. L., Ying, R., & Leskovec, J. (2017).
Inductive representation learning on large graphs.
In Proceedings of the 31st Conference on
Neural Information Processing Systems (NIPS
2017), 1-11.

Hors-Fraile, S., Rivera-Romero, O., Schneider, F.,
Fernandez-Luque, L., Luna-Perejon, F., Civit-
Balcells, A., & de Vries, H. (2018). Analyzing
recommender systems for health promotion
using a multidisciplinary taxonomy: A scoping
review. International Journal of Medical
Informatics, 114, 143-155.

Kamran, M., & Javed, A. (2015). A survey of
recommender systems and their application in
healthcare. Technical Journal (University of
Engineering and Technology), 20(4), 111-119.

Kim, J. A., Yoon, S., Kim, L. Y., & Kim, D. S.
(2017). Towards actualizing the value potential
of Korea Health Insurance Review and
Assessment (HIRA) data as a resource for
health research: Strengths, limitations, applications,
and strategies for optimal use of HIRA data.
Journal of Korean Medical Science, 32(5),
718-728.

Lee, H. Y. (2015). Uncovering the multidisciplinary
nature of technology management: Journal
citation network analysis using the relatedness

index, Scientometrics, 102(1), 51-75.

Leppink, J., & Perez-Fuster, P. (2019). Social networks
as an approach to systematic review. Health
Professions Education, 5(3), 218-224.

Leydesdorft, L. (1994). The generation of aggregated
journal citation maps on the basis of the
CDROM version of the Science Citation Index,
Scientometrics, 31(1), 59-84.

Leydesdorff, L. (2007). Betweenness centrality as an
indicator of the interdisciplinarity of scientific
journals, Journal of the American Society for
Information Science and Technology, 58(9),
1303-1319.

Liu, J., Ren, J., Zheng, W., Chi, L., Lee, 1., & Xia,
F. (2020). Web of scholars: A scholar
knowledge graph. In Proceedings of the 43rd
International ACM SIGIR Conference on
Research and Development in Information
Retrieval, 2153-2156.

Mohamed, H. A., George, O. O., & Ronald, W. M.
(2017). A survey of context-aware healthcare
recommender systems. International Journal
of Science and Research, 6(2), 962-967.

National Center for Biotechnology Information
(NCBI). (2023). PubMed. MEDLINE and
PubMed Central, Feburary 3, 2023, from
https://pubmed.ncbi.nlm.nih.gov/

Noyons, E. C. M. (2001). Bibliometric mapping of
science in a policy context, Scientometrics,
50(1), 83-98.

Otte, E., & Rousseau, R. (2002). Social network
analysis: A powerful strategy, also for the
information sciences, Journal of Information
Science, 28(6), 441-453.

Perozzi, B., Al-Rfou, R,, & Skiena, S. (2014). Deepwalk:
Online learning of social representations. In

79



Proceedings of the 20th ACM SIGKDD
International ~ Conference on Knowledge
Discovery and Data Mining, 701-710.

Pham, C., & Dang, T. (2021). Link prediction for
biomedical network. In Proceedings of the
12th International Conference on Advances in
Information Technology, 1-5.

Pincay, J., Teran, L., & Portmann, E. (2019). Health
recommender systems: A state-of-the-art review.
In Proceedings of the O6th International

Conference on eDemocracy & eGovernment
(ICEDEG), 47-55. 1EEE.

Rafols, 1., & Meyer, M. (2010). Diversity and network
coherence as indicators of interdisciplinarity:
Case studies in bionanoscience, Scientometrics,
82(2), 263-287.

Ricci, F., Rokach, L., Shapira, B., & Kantor, P. B.
(2011). Recommender systems Handbook. In
F.Ricci, L. Rokach, B. Shapira, & P. B. Kantor.
Recommender systems handbook. Springer US.

Scarselli, F., Gori, M., Tsoi, A. C., Hagenbuchner,
M., & Monfardini. G. (2009). The graph
neural network model. /IEEE Transactions on
Neural Networks, 20(1), 61-80.

Schafer, H., Hors-Fraile, S., Karumur, R. P., Calero
Valdez, A., Said, A., Torkamaan, H., Ulmer, T.,
& Trattner, C. (2017). Towards health (AWARE)
recommender systems. In Proceedings of the
2017 International Conference on Digital
Health, 157-161.

Scheuren, F. (2004). What is a survey. Alexandria:
American Statistical Association.

Sezgin, E., & Ozkan, S. (2013). A systematic
literature review on Health Recommender
Systems. In Proceedings of the 2013 E-Health
and Bioengineering Conference (EHB), 1-4.
IEEE.

80

Sharma, D., Singh Aujla, G., & Bajaj, R. (2019).
Evolution from ancient medication to human-
centered Healthcare 4.0: A review on health
care recommender systems. International Journal
of Communication Systems, ¢4058.

Sterling, J. A., & Montemore, M. M. (2022).
Combining citation network information and
text similarity for research article recommender
systems. [EEE Access, 10, 16-23.

Su, J., Guan, Y., Li, Y., Chen, W., Lv, H., & Yan,
Y. (2020). Do recommender systems function
in the health domain: A system review. arXiv
e-prints, arXiv:2007.13058.

Tran, T. N. T., Felfernig, A., Tranttner, C., &
Holzinger, A. (2021). Recommender systems
in the healthcare domain: State-of-the-art and

research issues. Journal of Intelligent Information
Systems, 57(1), 171-201.

Wang, J. (2013). Citation time window choice for
research impact evaluation. Scientometrics,
94(3), 851-872.

Wang, H., Zhao, M., Xie, X., Li, W., & Guo, M.
(2019). Knowledge graph convolutional networks
for recommender systems. In Proceedings of
the World Wide Web Conference, 3307-3313.

White, H. D., & McCain, K. W. (1997). Visualization
of literatures. Annual Review of Information
Science and Technology, 32, 99-168.

Wiesner, M., & Pfeifer, D. (2014). Health recommender
systems: Concepts, requirements, technical
basics and challenges. International Journal of

Environmental Research and Public Health,
11(3), 2580 - 2607.

Wu, S., Sun, F., Zhang, W., Xie, X, & Cui, B. (2022).
Graph neural networks in recommender systems:
A survey. ACM Computing Surveys, 55(5),
1-37.



HYRTNAH(HRS) X7 S8 ABUIET 24T GraphSAGES BE3l0]

Xiao, L., Wu, X., & Wang, G. (2019). Social network their applications in healthcare. IEEE/CAA
analysis based on graph. In Proceedings of the Journal of Automatica Sinica, 8(4), 701-717.
12th International Symposium on Computational

Zhou, P., & Leydesdorff, L. (2007), The citation
Intelligence and Design, ISCID 2019, 196-199.

impacts and citation en-vironments of Chinese
Yue, W., Wang, Z., Zhang, J., & Liu, X. (2021). An journals in mathematics, Scientometrics, 72(2),
overview of recommendation techniques and 185-200.

81



Abstract

Research Trends of Health Recommender
Systems (HRS): Applying Citation Network
Analysis and GraphSAGE

Haryeom Jang” - Jeesoo You" - Sung-Byung Yang"™*

With the development of information and communications technology (ICT) and big data technology,
anyone can easily obtain and utilize vast amounts of data through the Internet. Therefore, the capability
of selecting high-quality data from a large amount of information is becoming more important than the
capability of just collecting them. This trend continues in academia; literature reviews, such as systematic
and non-systematic reviews, have been conducted in various research fields to construct a healthy
knowledge structure by selecting high-quality research from accumulated research materials. Meanwhile,
after the COVID-19 pandemic, remote healthcare services, which have not been agreed upon, are allowed
to a limited extent, and new healthcare services such as health recommender systems (HRS) equipped with
artificial intelligence (AI) and big data technologies are in the spotlight. Although, in practice, HRS are
considered one of the most important technologies to lead the future healthcare industry, literature review
on HRS is relatively rare compared to other fields. In addition, although HRS are fields of convergence
with a strong interdisciplinary nature, prior literature review studies have mainly applied either systematic
or non-systematic review methods; hence, there are limitations in analyzing interactions or dynamic
relationships with other research fields. Therefore, in this study, the overall network structure of HRS and
surrounding research fields were identified using citation network analysis (CNA). Additionally, in this
process, in order to address the problem that the latest papers are underestimated in their citation
relationships, the GraphSAGE algorithm was applied. As a result, this study identified ‘recommender
system’, ‘wireless & loT’, ‘computer vision’, and ‘text mining’ as increasingly important research fields
related to HRS research, and confirmed that ‘personalization’ and ‘privacy’ are emerging issues in HRS
research. The study findings would provide both academic and practical insights into identifying the
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structure of the HRS research community, examining related research trends, and designing future HRS

research directions.

Key Words : Health Recommender System, Healthcare, Trend Analysis, Citation Network Analysis,
GraphSAGE
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