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Nam, Sunghyun and Kim, Sun-Hoi. 2018. A quantitative analysis of
phonological neighborhood networks in English and Korean. Studies in
Phonetics, Phonology and Morphology 24.1. 3-28. Focusing on the phonological
neighborhood defined by Turnbull and Peperkamp (2017: 83) as “two words are
neighbors of each other if they differ by the deletion, addition or substitution of one
and only one segment,” we analyzed the -characteristics of phonological
neighborhood networks (PNN) in English and Korean words in order to investigate
the interrelation between words in these two languages. Here, a PNN is assumed to
represent the mental lexicon. In the case of English, 33,329 high-frequency words
were selected as target words from the Corpus of Contemporary American English
(COCA) (Davies 2008), and in the case of Korean, 32,698 high-frequency words
were selected as target words from SJ-RIKS (Kang and Kim 2009). Using R (R Core
Team 2016) and Pajek (de Nooy et al. 2011), we formed the PNN matrices of both
languages, and using these matrices, measured the key indicators of each language’s
PNN, such as the number and size of sub-PNNs in each PNN, the proportion of the
giant component size, average shortest path length, average clustering coefficient,
and assortative mixing by degree (AMD). Through a quantitative analysis of these
key indicators, it was shown that the network measurements reflect a language
particularity between English and Korean, and at the same time the two PNNs shared
the characteristics of a “small-world network” (Watts and Strogatz 1998) and a high
value of AMD. (Chung-Ang University)

Keywords: phonological neighborhood, phonological neighborhood network, R, Pajek,
giant component, average shortest path length, average -clustering
coefficient, assortative mixing by degree, small-world network

o RS AT sl A A R g sdn. g A4
xd GRe 2w AL ofe 442 1d & AAY. 2w HAw
3] e dollg® olo] Hig Ale W AxEe) Folth o] wEe

WA RS A= A 1A A7 ZA S 20173 A AFERS] =3 (A & The Structures
of English and Korean Phonological Networks: Small-world Networks with Assortative
Mixing by Degree)s 574 - WA A7l A o]t}

o] = 20189 % TS A E Aol o3 A

A1 A A}

LA A =}



4 FAE - QA3
1. A&

Agldegte] 7iEksl oe] AFEL dojso] thE dojsd dHE &
A3 (phonological similarity) =7} I ©o9] AFE(production), ¢
(recognition), %5 (acquisition)®] 8ol AHZd FIS 7Xth= AS Ko
% TH(Luce and Pisoni 1998, Vitevitch 2002). ©] 22 o] 3] F-of A &% ‘T/l’oﬂ%
o] &% A #Este]l FxstE o] Qi olyd Fx3E wAVE @
olo] A B dFS 7 AvhE RS FAI ST (Shoemark et al. 2016). ©]
Aol 542 dol= "}019] T A E 54 s 28 e A
7F, x4 of GefA A 5+ F ©@o] (Turnbull and Peperkamp 2017: 83)"=
Aol¥] = &%9]%(phonological neighborhood) ¥ 7|2 &A3}slar, 1>

©] & (Graph Theory) (Wasserman and Faust 1994, Watts 2004)ol] ) Z}35}o], o3
o5 Atolo] Fol Al ofFo we FxstEo F4H U ES

= gofet @%Oioﬂ =215 U;? wAkaL Hlagto A, o] Fxshy
HAe] A4S AvE = del Q)

S0l Moo m=, go] Ty pant, pan, pat, path, pass <19
1> 22 o] UE L A (phonological neighborhood network, PNN)E &
gttt o] oAl G &2 FA IS Wl pard Solxol 47§o|th. pan, path,
pass 73 o4 Sty AOlR pardt SN2 FANSIAL pant= 4 S

Q13)

parsh fAFEE o] S0t}

39 1. pant, pan, pat, path, pass®] &&°]% YEH A

o] VIEY AN peace$} man®] W2 AXNTHH, peace= passE "I7= T
O S path, pat, pant, pan, man®} AZA = 3L mand pans "N E THE T}
A ©oy pant, pat, path, pass, peace2t AAETE. peace®t man©] EZHE U
Bolz FAE MENDE UF Bed prolnh 2zt off e gty
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G ES o= PNNS A, sl WEYIZ Fx3h5 o379
AAA AJAE Het = A =E5s SAs7]7F folskA| &, 1 SAS
53571 e gk iR W52 7445 PNNAAE F ozt A4
AAH7 = sk, oW dojE mi/lE 3 vty Ay AAH7 = ki, o
g tgyE Y d4E7E s, dE dAAWAE #A ge F gt
EAe 7|2 gtk webs] HE 2 o] 2ol Yt A A= Hitst
HEYT H=s5s SHste d A Z2a95S AHE3h

o] 35 PNN 2ol tist Hxo] A<= Meriam-Webster Pocket Dictionary
(196413 dhyell A& 19,340702] Jo] wolE &l o] o35 PNNS ¥
2433k Vitevitch (2008)©] tH(Shomark et. al. 2016, Turnbull and Peperkamp 2017 %
T oald AFE Hx9 PNN #2402 o33, Vitevitch (2008) ©] %, 2
Qlof, wrhd, skefolof, upAa=0o] o] PNNS 413+ Arbesman et al. (2010),
dof, g et=o](Dutch), HAo], LFro|, FEEZo] AFe], TH=
o], HkA~=0]¢] PNNS #2413} Shoemark et. al. (2016), o] PNNS 2|3t
Turnbull and Peperkamp (2017) 5©] Ut} Z1eji} o} A7 = o]of thdh <A
T7F 28] %ol o]FAR AEl= o} ™ (Shoemark et al. 2016, Turnbull and
Peperkamp 2017), $-2|7} o} &, HI7ZHA L o]#d AFE°] Iulol
ol AUNE AL Fokal gharo] o3 H PNNO] Hwha Fze dfsf 4]
P AT s EAEHA] Gtk o] A7 ol gl o] o3 PNNS
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54 o AuolBE, St Aol HEHE FE el A o Ao
ARG Ash PES FAE ARetnd Sk 4delAE o] Ao B4
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e A Q% A, Aol 9
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PNN EA3} o] A7) B2 ZAE wv]wslal, Shoemark et al. (2016)3F
Turnbull and Peperkamp (2017)2] AQtell o] Asle] 927} Al #2Ao] 7}
A A EB8g 28 68l AN HTL

AP AF: 2ol v EYIAS YEYI I E

T2 o] Z ol A LﬂE%E’_E— T 8AE FAShe T3 E(vertices) T
A 8aEY AHA AAAAE BASHE AZAME(edges)= o] Fo X
PNNel| A= 27317 o] ‘;}01 Uetal, dddE0] a0l F doE
AZASTE PNNOA oE F To]E52 F2o]%o] ofyy et thE wof
(B)= WHE HPAeR AA497|%= b Solo] oty WAl 1H3 A
S2E AAHA g wWolES PNN oA tﬂ‘:iﬂ 319 U E 9 A (local
network)oll &34l ETh PNNo| o] Aol thekst EHIEY FHY =
545 7 7hsAdE s B3RS e AAAE T T g EE
H] gk <19 2> (Turnbull and Peperkamp 2017: 85)°l 4] 2+ =2fwtt},

N\

N\

a9 2.570¢] FEAAT 8/ 42AS 7R F a29=

$27 B4 e BAAT g Al AAAS A7 9o W=
(random network)’E ZHUH, § F+ 21X B *c}7<§7]-56}1:} a8y ¢
ol ZAHO] 0=pant, 1 =pan, 2 = pat, 3 = path, 4 = passQ] LI ZE 1
Arid o2& gy xuto] 7pE3E j_EHJ-O]E} oko]l <18 >3 =Y
UES Aot} efufsty 1% Lesol A= 5ol pan path, pat?t
pass= A5 QA AR &I, pant7} 0150 b path®} pass<t 2
A aslel 9lv] Wl

ol 7jol A Tadk e 9% T el TS PNNLS
= o] ohe wYHom Brhseth folth tha ,
mo} o] ®AA 13} 3, 1E3 BAR 29} 42 A wE =AY 4



AA% PNN 12+ 23 EAE ¢ glon ol F&ol9 Ao w
2 Zoltt'. A} AtsAle] thket M EAEAA F HAHE Ao
of AZAA EA F-7t 7 HAAS £43 wAglel AFHE A G

PNN2 7 HAA Ato]e] AZAXMe &EAl F-F7F HAAE, thA] HallA,
G5 A0 upel AA E tH(Tumbull and Peperkamp 2017: 85). whehA

s9 &
PNN< o]ebe] HEH ST B4F o7k glon, o]gf it Zol& ol
= AR Wolx = PNNIIAR e 32 540 &
& AAre.
A3 PNNO| F8& HEES g3 2 WA, PNNS 7

Pols ZHay] d8 4% adl= Fx7F Fold AEelA ool PNNe]
55 B4 05E 47HA] 7o doj(Ead wE)E dl-SAIARAL

271 BAA 0 Ve E gAE oF1 JormF 04 ppr.pa T4
. AHAE & TAAE 17 28 AIF9, HAH™E 37 4=
A2F L A pips.pe] OV kpspu DikDs- Py o s PiD2 Dtk (B
I 49 WD pobu PiD3Pus oo s PiP2Dug (K 1t 522 AA), kpy...pp
PikDseDny e Pip2pk (T 1L 540 H7h) Al FH-olth old], §20]%9
doje et v Al WAlE REEA] Folth AA, 2 £33 Jo 7 dole
AR FEol%e] olyth o, 3 19 A, L€ AgdA T2 547
2= o] vhEolX 7 dolE A2 Fololth 1y o] AeE <1y 2>9
A% aH=ZE BE F el g4 =EvnE o] AeE nysA Ze
Aolth, EAl, o1 <FF 1, 73 I>9 A2 W= A Sholw, 1
<FE I, 3 1> 2 $=Al shvelth. AA, <F38 I, §3 1><l
TEolx e EAGHA ¥v

olAl 9% ez A7 (0, 1,2), (0, 1,4) Z (0,2, 3)9 Eo] MZ A"
dolo] IS A AL ol F3pelE 09 ppr.p, 7F BV <FF
3 1> 2ol e EASHA o= §3 1o X¥HI, gL F

o] F "dols AR Folxe] ofvERR, §3 1 v F3 1l F 3UE
Aesteol sttt add AAA (1219 o8 A4E (o, 1, He A4 (o,
3)0] A4x7] o A1FHY F FAHLS v FFolooF gt

ANMFHE FAAsE BAE Fd9 = I, <58 1, 738
A= AFde
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At UEHAE Zhed 7BE & R UESA] FH R H(giant
component, GC)’¢] rEoltt it 4 SAEE FAY HEHIAES
BE FA4 845 AHAeR Addso FojHe] HE gle & sty
o YEAAR 74 49w A9 §la, A2 dE oy o9 HEYA
E2 FAE Y PNNe H R ZEA QL] kel A AT A AFE
TE, PNNS &0] % & glol LHH, Vitvitch (2008)7} ‘o3 ¢
(lexical hermity’o]2}al 3 B2 w@d wop 5T Ao S0 2TS 7}
AL glo] aE7ER A o} 3] M (lexical island)’ o1& 7f, 283 B
ool s 7HAaL 9lar A A o= AAEo HojHo] gl A
of tiqtE k9l MEYAER /3 ¥ th(Vitevitch 2008: 411). PNNS 3}
= 39 IEAE 7kl 7B 2 RS a9 UES A HoHw =,
GCT PNN9| 5A4& 71 % whedsttl(Shoemark et al. 2016: 111). UWhEbA]
GCT PNNO 574 A QoA 71 & A o] H& sk vE
et GCol TFE= PNNe 1A S dAl &o] div] Gedll &eh= o
ole] vl &o|t} GCY TR HER GCo UF Fxo 54S &7 f8)
SAsto oF sk HLeEo] =, Ha HEAZA A (average shortest path
length, ASPL), v ] Zl<(average clustering coefficient, ACC), 12 % 7]
HE X1 % $(assortative mixing by degree, AMD)©] “L7A o] T},

ASPLE 7} dol5o] & dol5¥ AdZdE= A2E T HAGHE=E 7
g o] Hatolth dE EW, ¢ <9 1>o0AM pantét pan©] AAEH =
AR2e oy Aotk ayy 7 #e A2E pamtet panl A A4
H A=Zolmz I A= 10tk 3, pant®t passt A AZAH A
2 gl o8 dolE5S WE AdE ¢ e oy 7HA HAZEo] 9
ot 2 7bedH M #e AR 3 3ol E muE dAAEE AZoBE,
1 A= 20]th ol¥ WAl o= 7 dhojrt tE wolEd dZdY e JHY
w2 A s Fetal oA AA dojEe AR s FE F, ntn-
D) (n &ojel = i 237t sd U EH ] ASPL grelth. <21d
1>9] A%, pan¥} paro] ThE dolE3 AAH 7 #HS A &2 7
Z} 40)3l, panti= 6, pass, path= ZYZ; SO|B2 A @ojEo Ao 3t
240}, ]2 5%(5-1)=200.% 1} Aube [20]BR, <13 1>9] ASPL #
< 1201tk 7|4 125 <9 1> HEL A= dojEo] 7MY A
= i 12 Aol M2 d49 F Adss ok e ASPL glol
I MEAHZZE dud, o] UEHINA = Aol Hat 3 7he dov}
felojof = wol7k M= 7449 4 vt ASPLE WEHA 4 84
S Atole] AAAAL] 1E %, & PNNoA &= ©@o]E Alo]o] AZA A <]

) =Y ol

o 2 o o

=2 83
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Folx vlES S A B4 9

EEE Yeda, FHolA A2 Accet 3, ARAZ =, wo] A
o 9lojA ¢ 1—#*3, AEdol Zlo] %%EM 2 tH(Arbesman et al. 2010: 3).
HadJ AT =, ACCE o' dolof S0l wojEo] A& 580]

2ol BEel WAL e 7 olsl BAATE 1 wel Shels
5 Alolo] Al EASE S8ol% AFE SeolRol B & Ax A
7bs3d 42 Ui gholth(Shoemark et al. 2016: 112). ZF oo @Al
= (AA QA Ay s kK1) (kb 017: o] TR U A
Folth, dE 59, <a¥ 1> pant®] =&°l%S pandt paro]l HE &
+olg FAle Jor =2, pante] THRAATE IO]"% path@r pass SA 1E
o §EIREA B 42 FEAL WAG Rom2 TUATH 1 @
H, pan®} par®] 735l 0122 pant7t B D}— 201221 path, pass
S F&ol2 wAl UA foevw, IHATE

a9 1>9] ACC 32 0.87¢]th ofW ol w3 147} OOIE}% A o]

o] FEolREol MR Sl BAE dF ofFa A &

it

A4, ?%WJ% T E o 9 D}.

ASPLY} ACCE oW UEY A7} 2F2 A% Ul E 9 Z(small-world network,
SWN) (Watts and Strogatz 1998y 1#] o F-& st T8 HEolth &
S BARE /A e UE UEYIdAdE Bt JEA ] A
g A& ATt vlg 2 UEYAE A&, Watts and Strogatz
(1998)= o] 3t Y EYIE SWNolgtal sttt 15e] waw, ofw
ELQA7F SWNel &7 fslAes o HES IS sde AH 7HT9} =)
o AA4 NFE 7FA o UES AL ASPLS frAFsAIRE, ACCTT €5
8] Aok ghthal A|Fskqlth. wekA PNNo| x| o] A a Al ol
2 SWN 54S 7HA3 JdexE dotred, sld PNNE ASPLY
ACCE FAsta gdet wof Aok ddd g 7R e YESA
o] ASPLZ} AcCCe} mlusjof tr): ole] tisi = Fole} o] PNNE]
A g oA oAl Al =0 Floltt

AAE 7|Hk AEES S AMDE UEYINA 3 E3140] 2zt A7
A NMFE VFeR JdAA NS fAS BAEEY Y MR AAEE
Aol =&, olyw AAM MFUt v HAAEVE AR AdHE
AgFo] =oAZ Yehich welbd PNN9 AMDE S¢0|%o] ©e tho
o] folxo]l B w5 AAH AEA, oA F&olxo] A4



A= dAH A=AE YEFHTE Vitevitch (2008)0] =W, AMD %k
S5 PNN2 7arstth: PNNolA] AR A2 ] HAadolgh gk whofr}
22 AT EE e PoEERE ARE BT £ g Ars o
SHCH(Vitevitch 2008: 417). AMDE 2 Ao R AAR HAHEC] 7HA =
AAM o] Fo]E A G (Pearson’s correlation coefficient) r 574 ¥ =
dl, o FaATE e vMEas A4 M7t FA8 A E7]
Y A2 dAEE Ao w11, 29 AUAFE A= UEYIE d4
A AF7E Apol7t v BAAE7E A2 AdE e Aol ETH(Newman
2002, Vitevitch 2008). ¢1¢] UM EYI= ABAS7) 00l 7H7kgd, o] A &
ARES] A4d Mgt 1 %XAX&EQ o] FAHES AAM Mg
= o™ AT §leS v skoh(Vitevitch 2008: 411).
Aw7tA 8 E A3 04?011 Al 7lEE WES TAHSE PNNY

E_
=

ﬁJF

=4
d7] A SAstelor & T HmEd disf duwskrh O‘OﬂfﬁE o
2l5ol, PNNL tiif® UEYFo|ng, HAFE LZEo] Tz

B g o AEEE 541 4 Av, sad AL o ATl

Rl o wlo i o

o
FEH aZEd] TS ALEHA Qolet d=ele] PNNS FAsE)
AEEe S99 AR PAS 2T Aol

3. A7 EAe} Y
3.1 o8 =3 A

do] PNN 25 A% d3d A5 Vitevitch (2008)¥} Arbesman et al.
(2010)> FL 3t a0 Meriam-Webster Pocket Dictionary (196413 3yl 2
19340709 HolE AR E ARSI =, o] AT Corpus of
Contemporary American English (COCA) (Davies 2008)% 4] IHI%= ©o]& &
402 AARE FYISAL. Fel cocAR 4O alf cocwrt U
P gel BEAE YA B A BEACIDE, M Q7o
AHE-EE 19643 ALH o] F 50 7&4 %01 HBHE ofy e} thekdk oA
AA AR HE wo] RIEE 9gE ¢ v By witolth S+

COCA°NA ¢ HIEE A= 60,024702] ol 7] 8 (lemmas)S &) 3t
H, 1 7h&dl affabilitySt affablyA ¥ 301 H El(affable)e] SVE <
olu] oS0 7ha3k Ao, three-year, same-sexS} 2 A, el B
ZoFo) ) mm-hmm¥} & T FAE A9 5 th20,59570 Al<)). g

Twoleole] Aol ARIE o] shupnts A=k (6,10070 A<,



THoE F 33329709 ol =
Vitevitch (2008)l] W2, o= F% W& F3o Aol Bo] 3kxte] o
F5-7F oF 17,0007 2] wojE Egskar 9 =
3 ° OJHHE Two] Wreggital & 4 vk

COCAT 7} ©hojoll thall A=A el (orthographic form)TF A|F-sl== 1 =}
A 2= 01«] e dHE & F ok weps e S AFE AZE
flol =<1 R R Core Team 2016)°] #j71#] 7}, 4 *&4 SNARE B
23 AAHSRE FE3F= ‘rvest (Wickham 2016)E AF-&3}¢] QE}J LELE
2~ do]E{ o] =%l Random House Unabridged Dictionary=Z5-E +4 )’
¢ & ﬁi‘:ﬂa zzo}@ﬂr AP S ol &st] HSFHS %%’3} o] 4
A ZPeFs] Mmshd vk

‘rvest’” I 7)Aol E3E html nodes() $FFE AFESle] BA o
Z}e] @X}fﬂEﬁg Eﬂ"]ﬂﬂﬂ ojzof FH= st dlo]E o] 2o
wolo] FFH|, %, o o5& X X}E A7 =, e
7HEd & fﬂEH”}—O‘ # P“Iﬂr. ol= wix] Algho] Zt ol HxHE AbH
A Frol BEVISE T HA A A FARE WA, Uk e
E 283t o] AYS A&stal A A Aoty

Sharo] o] 9ol &= AlF WA SI-RIKS (Sejong-Research Institute of Korean
Studies) (Kang and Kim 2009)°|4 1RI%E ©o] 60,0007 ®g H, <71, v,
ok 22 dd Har " A 1579k Aol Al Rol Soi3E Aol 66571E
Alelstal, FFoleole] A IHIE wo] ShunkS e Eed (6,901 7Y
Al L)), 52419709 @olE WA AASAT 2E]al oot A i o
of &5 Wy ow g57] 98, o] 52,4197 7hdl RIE7F she 20,386
MNE Aelsta F 32,6987 WolER gro] PNNS 17533tk +
PNNS FAskE @59 M7t A b8 45 9o 59 Zol7t F
PNNS] HI=ghell foju|gh 3k 714 A7t ¢f=2 4 9 th(Shoemark
et. al. 2016: 111).

golet &, dole] Aoe SFHES HE o o] oA
FRBHA @9kal, SIRIKSO| d2HAE 7w =&k d2HEAT} 7]

Random House Unabridged Dictionary's= <<% 7148 74 A A A,
FEYAE HolE olupgt AlFstr). o7 February’ﬂ 4%~ /'febru eri, ‘febyu-/<}
2ol Zﬂ*]?l"jr. 2 AT WS wWEW /februeri/TF & O?ﬂEHE rE
StA, FAbel] whEl Al $IA7F EEkA = 78‘—?*“:, *Pﬂoﬂ’\i HA A=
el AT ARG ‘record’= FAF AAIRD Arkord/E A AFEEZ
ol AR 31# 33t



Hkd3}al 1 © 2 2 Shin et al. (2013), Sohn (1999) Sl & 324
2 A EE S 7IAF SR Fske, o] AFoA R olE wet k=

Bz © 22dd "eEe ez Btk v, A ol%
k7] wjito F-A)6}S 2™, Eychenne and Jang (2015)3}
Shin et al. (2013: 99-100)S wWe} HHFoA HHEEHA] = AHFTES /e~e/
= el 94 BHa et N E RS ZSdTh wivbA| 9] ol f =
e, 2 ar Ao Ae-e e SAR HTE ol A9 7 o
of SxFHE HFEIE APsty] &oldh PR Weste= oA o] Fo
How 7 A ARl Axp= ofgflel 7]w=H o QT

TFHE Dol SFLHEHES Fojo A IPA 7|5E Ho 9, gk
Zolo] A= = AEVF E dY 2 Fo Qrh o] 7 FEH BT A
FE A~TEY ZZa@o] 917] o]#$-E &, Vitevitch and Luce (2004),
Vitevitch (2008)E WebA o] &S FAFE ZE1H0] ¢7] & 4871
39l Klattese®= W3Hst7] 98] tha3t 2 AAY A4S T3 Th IPA
7159} $t= Aol U-§-3F= Klattese 71T <5 DI <HH- 1>of] 247}
AR E o] At

Klattese W-&-3%+ 2719 €2 FAHT A1l IPA 7]E(F o))<t
AR (gt=of)7F 71 Ao d A2Eo= 4 7|l Y-Sl Klattese 7
7F Z1A=E S Stk ZF '@l E IPA 7]E EE = AR dAdEla B,
715 RS Aol A e & 1 7|3 S5t Klattese 7|32 v
o, eados BE ool S E KlatteseZ A3 = Qlt} o] I}
d2 QI AKargument) 271E Yo} 1A E0] FUeA| HuS= R T

¢l match() IS F3 o] Fojxl.

rot
ll

_—

< o

W

3 oA, “match (x, table)’Zti= R W H o7} E et 42 tabledl M x7} AL o2
Fdsts AT wEA xdl= IPA 713 R @F AHEE Y tabledl =
Klattese -5¥E Y oW, match() 3+ IPA 7]|& T 3= A-E7} Klattese
f-sxollA 2 WA Pol] Fdst=A FH3taL, olF T 7 7S Klattese
7122 WgEd
match() FFE AFEIIA Fo] ©@o] check?] S+FHIQ k7t Klattese 7] T =2
HEA71E A4S 92 54 g3 2ok $4 match() FFE 49 AAE
[PA-Klattese TI-E <HF > A WA LA AAsI] 70l8te @S
gt} oA b As 9 A Ao fAGTHE Aot o] FH@E
TAR T A FollA THA @S oW o7t HEd o7t vkE gl SgEte
Klattese 7]Z o]t} 1 & match()T check® T+ WA 42 2 AAE <HF
>9 A HA FollA Frol 288 =T} Klattese 715 FollA 28HA kS
gtow E7F Sl olAe] eol tgHE Klattese 7]Z otk mpA| O R k71

as



rob

goje} o] ol vES A AFH 4 13

A 2 ehE AR AME Klattese 7|22 HET 4 oy ko]
G52 54 d9E Fo Joernz WA $HE B AHE A
24 cog AASteE AAE Aol Fesith o] dHAed= R OHIA
KoNLP (Jeon 2016)2] &1 convertHangulStringToJamos()7} AF&-% AT}, ©]
e ghE ES JYstd 54 dAlst AR AdE EHE) dE
S, “convertHangulStringToJamos(“#”)’0]2}= R W#Hol&= “x | 7178 &4
stth, 7 who] o] o= Holye wWolve 7 51 HE EEE AEE
(value) 2.2 7HA &= vectorE &3} o & 59, “Fd7olgh ©@ole <= |
o co | mrog FYEHEY. B8 HTHLEE collapse() FTE ©]-85H
“xf o | w2 FHE|E vptojof SRR, ofof] 9bAl 7} FHe] 24
Zhglel] ool ol AR =, F ¥A 58 A ‘ool Qe
“x ] are] FJE7F HFH o2 Klattese 715 cEgimO 2 WS T

32PNN "jEE 2 A

T 4 g 9o ES Klattese 7]E 2 WHSE & dojE 7He] SR0]%
S U= PNN M EgAES AT PNN viEZ 2ol 133} 190
Y F dol7) napeke gkl s T wolrt o]0 A o
ol xo] ofd Agol= 0, 5ol d Afole 12 £
Lol MIE”AE A7) 93] $-2]& Neighbor Matrix Generator (NMG)2}
1582 R 23HES A8t o3& RellA Hagck o] R 239
o] Aol A1AA}e] EZ 1 http:/namsling.tistory.com/110] A A E o )
Fastr] vbgth NMGe A @& o2 S FHE Hlalstal
T g7l SEolx Bl A=AE Z2ATH NMGel= R 7]
‘stringdist (van der Loo et al. 2017)’ ¢} “foreach (Calaway et al. 2017)’ 7} AF-8-% 2L T}
of A7k 7k o & 3nk Jf o] e dolE gidew EAME F5]
o, AEA ojne] PNN WlEZAZ A 2+ o] F 99 7) o]
Aol & JHAA ") ol2lg wiERAE TRl glong Y A4
T AAe] HARES whEEE B f A= 8 XEo|th webA -2l NMG
Ao Ans P doll widet= AE A 29 PNN mjlE= 2 JEH = A
et gFa k2 YES A £4 E<l Pajek (de Nooy et al. 2011)°] ¢]&
o Aetieh. o] HAS =25t b ofy <2¥ 3>

>
e
o

o [m K
of T rlf

2

rr

o)
A

Klattese= B, check?] S H yek= Klattese 7|13 CEkZ W33t A 0]
dsd.



NMG (<29 3a> £3H] AAZ3)E COCAZRE o dolFe)(HE %)

o} 7 ol o] ¢ SLHE (S U5)E YPFP oz ukil Pajekol Al
e 7 A TS FHETh Edgelist Eolgtal Bl o] XS H3

xq(u—o}) L= 3 ojﬁ/ﬂ(g_i_o] =) BEow TAEY, <19 33> dFcke] #F

2 AL o2 Edgelist 0] AT} Edgelist= *Vertices® A 215 &=
oF B3, 1 Holl o]ofA= *Edges o= TAET oF Fitole i
o] Eo] Qo] X3 3E A AHnumeric identifier)2} $HA| 7| A E o] A,
FlE olojA ol F oo FXY ZAR AEo] 7IAE Uk
dE EW, X3 EAAIF 1994191 gnomeJJr 8,255%1 foam>- *Vertices
o Zb7} 19,9413 82550l o]o] Z|AEo] i, o] Eo] Fo|o|EE
“8325 1941170 2= X8 F A A} o] *Edges H5o E3 = o] Q)
NMG+ “EAH 7] A(Listing Vertices)’ ¢} ‘£%°]% 2t7](Find Phonological
Neighbors)’ 2= F REZ2 FAYEEH HAH 7= Edgelist 92 o
9l *Vertices HH o THEL, ‘g%ol% 3V *Edges 555 WETH
A TIA BEd GoESS FXY FAA o]o] Folal, ‘FEol
7P REd @ 20E vlaste] O 5 5ol AntE yddith

a. Neighbor Matrix Generator in a Nutshell

Neighbor Matrix Generator
\.._____/ Listing Vertices Find Phonological Neighbors \r/
Word Forms " = Pho:o ogical
Vertices 33329 Edges _ orms
(335’239) | | 1 pilstar 133329 (33,329)
grome ——|—1752 gnome 233327 -
ve — 1 F3rye nom
333328 Y
foam L — 33,320 stay
wy— _|—T1] fom
stay mY
{ J AN I ste
\¢ *Vertices 33329
1 star
2 gnome
3 rye
...
33329 stay

*Edges
1 33329
2 33327
(o)

3 33328




Jols} garol ggol V=] A BA 15

b. Detailed Structure of the 2nd Module (Find Phonological Neighbors)

Find Phonological Neighbors

Phonological
Forms
(33,329)
stA

nom
ry

vector ‘x[1]" ~ ‘'x[33329]

l

for iin 1:33329
(repeat this calculation, changing i from 1 to 33329)

fom
my
ste

¥
for jin 133329
(repeat, changingj from ito 33329)

‘stringdist”
(x[i], x[i]) =

2nd part of Edgelist

[—add (i, j)

‘ list of (i,j) pairs is attached to the .net Edgelist ‘

39 3.Pajekd Edgelist ¥ 3 A =2 3(Nam 2017: 28)

—_—

‘golx A7 Hgo]l §folx s Udste AS FAAoRE B4
gt Aol <1®3b>olt} oA R |7]A] ‘stringdist’ 9 stnngdlst()f%—’Fg A}
of 5P HEFolA A Ak FEfet A RS FEIE H
shoh, strlngdist()’ e 7 wANE e AR A (edit distance)E Tk,
Fdake]l 191 A97F Solxoluz, o] HAolut (i, j) = Edgelist
TRk 7] 5 FD}. Fol& o= B9, i= 1914 3332924 ©ole] WA A
YA SN F7bekaL, i iE 33329704 s Sbskeh thA] EE)
A, 333297H¢] do] F Aol FaakAl 2719 wolE MBSk 550 W
stringdist() ¥+ A4bs MRl 1 T Sl A EETS HXIvh

349 Yo s NMG E3 A3 o] Edgelist WS 7FA 3L Pajek
I RS AHEAIA 280N 7eE HEES S0 WS 7=t

3ol e dol7h Ao Agell= Eeka, dale] B el
=3 QA AAeAM BT D*OH gegue My ol o "%El HeE
& TR UEY LA TE

Ak ° =
th o] A&EAS ofwA Ay = ALk wkek
il

hl -
W mA A og Hvo] gold VESA, A WA, 4eAs WE



16 943

& - 143

¢

Y=L =, SWNE 545 PNNo| 7EA|aL gitpH o] A3k AW A 87} 7he
aHA 27k

Aol A AFEHAK], ofH HESL A7} SWNe| 54 7HH7] fsiAe
T 7HA 2318 T8 oF Shoh(Watts and Strogatz 1998). 3 A,
AT F F, ASPLo] 1 VEY A9} HAH Fo} F o
7t F9E Qo] UES A ASPLY FAls|or gt A, Bt o
ACC7} 3d o] HIES A9 ACCR T 9538 Aok g}, wpepA] ghaiol e}
Folel PNNo| sMwel SA4& 7HA=A Lot e, 7 PNNS ASPL}
ACC gt S7aloF ataL Z} PNNol| 53 9o MEYAE Bol A st
59 W ASPLI} Hit ACC #E& AT 5 olF Hlasto|of gt

PNN<] ASPLS -3t ™H Pajekoll X] Network > Create Vector > Distribution of
Distances*& |2 Aejgicy, g W# S FP5tH, Pajek] ReportdS &
3l “Average distance among reachable pairs:”2hi= A7} Lo =d o]Zlo] vl=
ASPL Zkolt}. ACC %2 Pajekoll Xl Network > Create Vector > Clustering
Coefficients > CCle #}el| = A 83to] gt} Report &2 + % & “Watts-
Strogatz Clustering Coefficient””7} SWN o] #-& A4 3}= ACC gholth

T s SAT Folv 2 dEd vud el o MEAES UE
ojof &t Pajekell M= HAA et ot A4 g7 AR Erdos-
Rényi 9] UWESNAE A5 AT = Arh: Pajekoll A Network > Create
Random Network > Bernoulli/Poisson > Undirected > GeneralE &2 A E83H
olzfgk ol vES AV I7h AAETE. 1 5 kA V&3 AAUR o] ¢
o] YIE9I°] ASPL #k3F ACC %S a4 2] PNNe] Aol vju gl
2= 2 A ) UESA 50070 Z47Fe] ASPL #EE ¥ ACC #E]
s T8kl o] & AAl o 3]F PNNO| Zte} wlasigll.

YRS SAs] Al WA Edgelist LS Pajekd} RollA Eoolof 3o}
Pajeko| Al = File > Network > Read NetworkZ &3 Ee]2t. RolA = 37
A8 913+ 91714 igraph (Csardi and Nepusz 2006)° ¥+ &4 read graph()=
o]-83 R W] “read graph(file=x, format="pajek”)’E ©]-&3}] Egt}. o|uj
x Aol Edgelist 349l AZE AA YAY FEE Ailechoose()E ¥ ILUA]
2AHE A3 #A4oA AZE AHE F Uk

° Erdés-Rényi 19| WIEY AN F &AM 44 3F p= JdAHAY, (¢ = 1-
p FEZ AAEA gl F, PNN B AE ZF 7k9] Fo] po| FEZ 1,
q° FEZ 05 7FA+ Bernoulli w25 WETE wWEbA, Pajekol A= Erd8s-Rényi

3T

_l

Ela=
6 olg} o] FAAYS 500 AFoE WHEEHW Pajeke] WAR 75E
ALg-stH " Macro > Repeat Last Command (22 ©57] F10)E AH&d 4 o



Jois} ito] &

o% MEYAY AFH B 17

Mo

, AMD+= 7} 2o = A4
A3 A 4=(Pearson’s correlation
coefficient) r= 4% =], o] A4 = R ¥|7]A igraph (Csardi and Nepusz
2006)9] S+ assortativity degree()S AH&3tATE dld ol dgE St
A8 Edgelist 195 4 3HA sl PNNS] AMD #& 78 F Slth

fua

A% /N AEEY

v N

4. 43
4.1PNN HHHA Fx
of Aol S48 dolet gh=ro] PNNO| A=k <F 1>3 2tk

¥ 1. ¥oil} 3= PNNY| H=3

e go] (N=33,329) | F3Fo] (N=32,698)
39 MEYA F 2,2887) 1,08871
A HGC) = 8,806 ¥+0](26.42%) | 18,036 ¥+01(55.16%)
oAy F 18,669 7H(56.01%) 12,07070(36.91%)
T RAZ F UEYA 5 | 38 T (0.11%) 20 T (0.06%)
A HAZ Z YEYA 5 | 25 T (0.08%) 17 o] (0.05%)

<¥E 1>9] A= gojel Fto] PNNo| Mz FHEE EAS ZHA 1
715 BHARE, wlg- F8% 58S FHEL d5s Bo Frh WA, 3
A& AYER, o] PNN2 2288709 k¢l MESAER FAH 9l
o1} gh=to] PNN2 1,08870¢] &t HEYIER FAE drk: o] £
= oFuys AF Aot a9 UE]A T Aol HujHd
=, GCO el A ##s 7hth o] PNNO GCelle AA o
OH] 26.42%1<1 8,806 Wol7} el Qli=w whal, dh=re] PNNe| GCeoll= A
A wo] ] 55.16%81 18,036 THol7b £8) Qlth. GColl %814 e ol
Eol o] a9 HEYasS F%ts A2 7 PNNO &9 HESa
o] o ztelg AHgtt 53], F o] BEF F AR & YEHIS
A RAR S MEAAE A wejsR 7AAE ke e YHA
3t VESIE ZH7o] wlg AL doE5R FAH S vt
Shoemark et al. (2016)7} Turnbull and Peperkamp (2017)% ©] ¢} 22 314
HEAS et GCo TrEe] Aol F Apol7k z+ o7} 7HA = 71
Aol 3ol 549l dojo] Hyt o], 45 S (phonemic inventory), &8
2 4 & S4u]E (phonotactics)2] ZFolol A H|EE &= Aolgtal 3

N



ro 7 BEFE, 5875 4|
% 1E A9 MeeE wol
S, SAE VFoR "ol H Zo]
) gk =7, FEHEAE =2.425)0] a1 o] 7 6.103 (T A
=6, TFAX}F = 1.954)0|t}. 18] 3L Klattese= HIE 229 MFE o
= 447l (G =20, AL =24)0] 31, o= 407 (RS =21, AS = 19)
o 7Y s Ve osE & ou, oo Sddd= AZel v A (=43
3 F ol mmE 3R] SR E AN o] e] S Ho = AFgo] Al
(24 g I, A T DR EEES S8 o]y WHolA E o,
o7} ol GCY HRE= i oY WEHAY ST o B
& o] = <doje] AE QAo afre] A5 W At o] F+ PNN
*1 FEaol & FEHLS F PNN 2% Ho 52 3t WEYAS GC

T AR 2 sk MEYAS E7F 43 zlolE Btk Holth
°§Oi—c GColl %3l ol M7t 880670, F WA= 2 519 UEYA
o] &3l wolo] JRg7) 38700) 3L, datolE= Z+7t 18,0367, 207Ro]th. o]
= PNNO| 5A4S AgstAl ghofstew odojof ghao] BiF GCA EH%
B} A3 At of gt RS B Fuh AR dEdEY e Y
2 YEYAEC] EAsAL, GCE ALF YA &9 LﬂE%ﬂ‘éE e
o] TolER FAEo] YA o3y FEolunR, A PNNS tido=
ASPL, ACC, AMDY] #& SAslE AL 2 ouE 7px %] gt} uphia
o] Aol AA|7F obd GC ASPL, ACC, AMD #vHe A3t}

[\

J‘Qéx\ioﬁ.:\éol'ﬂi

42 HHAG] F=
Jole} 3k=Fo] PNNO GC HEghe <¥ 2>9F #th
¥ 2. goi¢} 33 PNNY HUADRGC) =3

I ik 3o
HEY T FR 8,806 o] 18,036 o]

ASPL 73 6.48

o] UES A ASPL Ht 4.8 4.79

AEE U EY A2 ASPL H 605.76 1048.01
ACC 0.3 0.27

o] YE A ACC H(RACC) 0.0008 0.0004
ACC/RACC 358 566

AMD (Pearson 37T 1) 0.7 0.62




rob

Gojsh Aol S-gol HES A AFH B4 19
gdo] Geo Ay HudAd o] =, ASPLS 7.39]4L, 3h=ro] GC2] ASPL
6.480]t}. ThA] e A, Jo] GCE F wol7F Hit 7719 @S AA
Ao AAdx = UES o], kool GCE 7 ©ol7F Hat 6719 ol
AX7] Aol AAx= HES Aotk M EYAY 73t A3FS e
H TR AGF F, ACCE 4o GC= 0.3, 3o GCE 0.27°]t} o] A
Foje] Aol FaH oz 7F dojo] FfolEo] AR Sl
ol Hul 7Fed 9 30% GLoli, gmolo Aol 27% BEY
UERdTh Sl A= Agdzel, ol GC&F d=ol GC7F 241
ENA =, SWNY EA4& 7HA 1 JeAE Zot 2, 7 GeoF v
Nt Wt A4 M7t s4d d9 vEAAES 75 ¢ 1 vE
AE] Hit ASPL @ ACC #S A GC2 ASPL #¥ ACC #=
Hlasko]oF 3}, PajekS AM8-3Fe] 72 GColl A-3-3h= 500709 Erdés-Rényi
oJo] YE Y= (de Nooy et al. 2011:336-368)= A4 3slo] o] =2 ASPL 7o
HS SAT A, < 2>ollA Ho], o] GOl -3k do UES
59 Hit ASPL 32 4.8 (4.8030, ¥=HAF = 0.0022, 95% CI = 4.8028 —
4.8032), gt=ro] GCol F&3dtv Ao UEAES ¥+t ASPL #2 4.79
0] A thH4.7928, ¥} =0.0034, 95% CI=4.7925 —4.7931).

ad o] SAHFETOZE GCY ASPL el 7.3(F oI 6.47(3=9)
o] ztz} Q¢ WEYAES i ASPL a2l 4.8( o))} 4.79(8++0])e}F
Ael ZhA A ol feju sk 2ol S TR #elAE dde = gl w
A whekel 7)FEe] & wkek AR U[Ef]A9 ASPL ko] 83t}
Vitevitch (2008: 412)= GC¢} 5 U3 79 W52 FAH Y, e o
o7l Fd3k e Sfos e UEYA, F AE" UEY
(ordered network)’E 7] U|E % Z(baseline network)Z 4F3l HE=% UES]
9] ASPL %k, GC9] ASPL #t, 1] UIEQAES] 4 ASPL #& ML
s AL AFEATE

o] Atell we}, = Fojet o] Geek wol Il (ol 8,8067H,
3h=to]: 18,0367 9 A AMG(F 1 32,0037H, 3H=rol: 77,5547 HL 5}
H, BE o7t 543 Ao oS e Aed UEHIE 34
sl ASPL #he SAsIth 1 A3}, <E 2>0A] HTo], doj&= 605.76,
1ol i= 1048.010]1 T} o] A AEH UEYAZ dojo AE F o
7} Aol Ht 604715 Wi @G5S AFoF JdAFH I Fharo]e] 9o
= Aol Hd 1047715 HiE TolE AAHoF dAFE HEYIAYLS 9
H| g}, gofe} gharo] R o] o gho] AAl GCY ASPL ## do] UWE
9139 i ASPL #ET} 953 me= Aty oz Az GCe ASPL

to = o rlf mu X rlo

Al



@ 9o HEJAES HF ASPL g g FAbsita sae £ 9l
o} wEbA Joie} dharo] GCv BT SWN 549 A WAl 2730 ASPL
o] A 2UE SFAGL T F o

39, 9o YEYAESS Wit ACC Fe Jojot FFolol AL zhzt
0.0008, 0.0004°]t}. <oje} FH=ro] GC7F SWN EA9 F WAl x79l
ACC7} &3t 99 HESNAES Hit ACCHUT €53 &4 off&
orolr 7] 9J3l], AA GC ACCE ¢ UEAES Hit ACCE Y7
oh 2 A3}, goj= 358ul, ol Se6rl E Ao 2 UEFGTH<E 2>
A1 ACC/RACCY 3lFst= &), wekas SWNe + ¥4l 271 A S5
B2 goje} =to] GCE EF SWNo| EAS 7Hdtta ddd 4 gl

Joj& AAATFE 54 AMDE G GCe ARl = r
o] GCY ALolE r = 0628, BF & FAF
A, T 0401 BE oo &
i, fwolgo] AL wolEd 2 ]
UEbg T o] GC BT 34 FHAAE HoldexE r ol fd

g =5 = UEYIERT 74 82(do])e &

A m *Ni el FAEHE ARE U2 A ah@ehEC J8 =
LT F & durt 9 =2 Ang UESIYS Yepdh

g oFstAtdA, 7F A7t A= A Ifre] 5o 18] Joist
gharo] PNNO| ZAwha G-zl glof ARl Apol7p FEH AT T
lol B PNNS TAsh: 78 5838 o9 HES=S GC7F SWNe
£S5 AUH, AMDY] r gkol W% =& FAA ABWAE vepdoks
TEA EAS BT U HolME AF7HA AAlE o] Aol Ao}
Vitevitch (2008)2] ] PNN9| Ae| HlwE F3l, Joj9} o] PNN9
EAS Hu AAS] EES}aL, Shoemark et al. (2016)2 Turnbull and
Peperkamp (2017)°] A|Fell o] Aste] o] A-e] A9} & Ao Wk
I} JEE =93 Aotk

LEEER R LD

Vitevitch (2008)2] <J©] PNNS 19340 wol= FA=o] gt} o] 71w
53.08%%1 10,26570°] o7} o Fary Aol 9lar, 33.65%%1 6,508702] o
7F Geoll ) Ak 7k 2 Aje] ak UEYAEe] A WElA 29k
°L‘r UmA dolg, 5 2567719 TojEo] AFe] S0l VM 9l
3L A HoR = wi(Vitevitch 2008: 412), A9] WolEo] ks o] Fal
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fass

T B2 ok MESAEC] EAlskE 3es F5T 5 rth
Vitevitch (2008)] Ao} 1= A5-2] ¢Jo] PNN< HlulslH, o]3|ary
AT TojEe] HEL H|EEh GCY FRAA = F Apol7F et 2 A
2] o] PNNoA o33y e] HlE-2 56.01%°]3L GCO H|&2 26.42%°]%
ol i ARl A = Vitevitch (2008) .0 B 9] TO{E PNNS 753131t
Ao v]Fo] E o], Shoemark et al. (2016)2} Turnbull and Peperlamp (2017)°] 57
S OI= PNNO| R} 1719 GCY R Abolelli= whuld] A, thA] 23
Al PNN7F AASFF GCO R+ #opxith= Zlo] 1= Ak

PNN9] 7FR¢] zfolo] W& GC 7R zfolo e B38ta, GCY EAS
A A3t AA 24 &tk Vitevitch (2008)2] 9do] PNN GC] ASPL %t
6.050]3L 12 YESAES] Hy ASPL #h2 3.980]t) o] GC} 5d3 4
dolE3} AAHeRE Pl QlE, BE "olrt s g feols
zb= YEL S AEF UEYAS ASPLS 357390t} wabs $-gj7p &
A5k odo] PNN9| GCe} PREHAIRZ, o] GC 9A] SWN9| A 1S F53c)

SWNe| F WAl 2720 Accet #e =1 9A] vb7Ex| o)t} Vitevitch
(2008)¢] 4o PNN GC9] ACC 2 0.130]aL 99 YEYAES] Hit ACC
2 0.00140] 22, GCo] ACC #ke] 49] vESIA9] ACC #tEY €53 7
of ghth= S FFAIXTE Wb o] GC 94 SWNe| EAS 7HA AL 9l
thar wekel 4= 9l 1elal o] GCol AMDE r = 0.62% & FAZ Aud
AZF Do Btk A= 89 A+ A3} fAbsith

A F7HA] AR -7 ATFe} Vitevitch (2008)2] 7ol LERG PNNQ
EAo] v UEYAES 547 oJEA thEA= Newman (2010: 237)°l Al
AlE ekt dESI S| HuE Fa & =ednh Aol 99 thekst )
EQIEA ARt oz GCol &g 4 845 &S UEYT AA F
d 8459 80% oS AXgt) Awwy} o] vtEA] BE &AIHo] B}
o] GCE dZAFoloF s HEYAMT ofyz), =8 FAHAE AAG
HIEAA 9A GCO HlEo] 82%(FhH Bl 91%((&Esh7hA dds] st 1
Ag] 2 Aol goje} =19, Vitevitch (2008)2] o], 18] Arbesman et al.
(2010)9] o4& AAEC gt 4] Ay w=Z i, PNNQ| GColl &3k o
59 H]&S olRtt A 2tk Aulo] 34%, W 66%, dFekolo] 55%,
Hh~F0] 35%. 3 AMDO 9% PNNS o2 Y EYIEy FEHACL
Newman (2010)°] =W, A}3] YEYF9] 4ol dukd oz AMDE A
r=-0.029 (B 7+ Aol ANFE AL r = 0363 (EET T HAE 74
alal, AE PE UEYIS AMDE r=-0326 (B HolA) r = -0.156 (¢
Wl A5 2g) Aol W 9jell &3heh Wb 929 e} Vitevitch (2008)2]

[e)

19 rlo Hn
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Q178 ZAsol A ekt % ¢loje] AMDE ool Mla) wlg H& FHHA A
WS Vet el o], ghelsh v AW ATEalA EA
B SlolE B SWN 54E /A3 glrks Hold SWN 54 E5 PNNS
wAd 545 ke shitn 28 5 vk e A8 AFEAE A
Hahm Qlel, old @ BBl k] wol Aeiage] A4 3y,
AREAY 4 A A Foleks Ae FHFAR, oW Sio] of
A Qe AR A} BN A3 WAL olH WA @ik o] AT o
A ool gk B AwaA A gtk He EHE dAlh

] 2-9] Shoemark et al. (2016)¥} Turnbull and Peperkamp (2017)% 2 A+ 2 A
8 -5 (Vitevitch 2008, Arbesman et al. 2010)0] AF&3F HPH 201 A4 to]s
2 PNNE F53hal 1 548 A5k Wao] 7 E F 7HA EAES Al
718kt o)) A7 g FAAE The-dl shbs, dellAl A A %], PNNE]
TR Y] JH)7E A i dojuttt A B A FHegle] debd A
H7b ef=pd 4 ok Holth o2 EAIAS A o] 1fe 549
ool o], 5a M, 318 7Hed Samld T8 FAISHA 22, PNN
RAX EAS WEs| urele ddd $HA7F Atk A o|th Arbesman et al.
(2010)°] 749~ stetolo] 2,578 whojellA] 2u|Qlo] 122,066 W1 7hA] PNNS] F
27} dojE Atelo] dAG ztolE HRIthE A /E Qo] 1f{o 54
AT FATHE HellA o] gt A Ao 2AF2& - Itk -2l9] ATl A
= golé} ghrol o] PNNO RS HIsk Al AAs7] = shsl o, 7 Qo
e EAS FASHA] &= HolA = Arbesman etal. (2010)2F 2T},

ol2lg AE | A3t7] 9130 Shoemark et al. (2016)> &+ 1o} & fr7} )
£ o8 PNNE& 753t 77 PNN®| 5458 valshar, 77 PNNa 22 9f
BE A, 9% 5455 gt sdg o] Ho] wxE JR MY
o 3] F-(pseudolexicon)’E 7FA3L PNNE& T53to] 1 545 A4 PNNEF
H) &} T} %3F, Turnbull and Peperkamp (2017)F o] Zo] ¥ o} A=
NFE oy b2 Aoz A oy 7MY A3Res o
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6. 22

of AT ofFNt SLHOR FAG BolEslE WEND TEE o]Fx
sk 7H sfel, golsh BRole] ofFN &, F SRol% MEDL T2
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A, #5 &4 FAMdol F
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