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Figure 1 Character co-occurrence network of the sample sentence
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Table 1 Average values of statistical parameters of networks for essays in different periods of China

Period Style Length N E D (k) L/L, C/Cr(%) ¥ Subnetwork
SAWP WN 1070 354 658 11 3.55 3.99/4.94 6.41/1.16 2.20 6
LC 342 650 3.62 3.99/4.81 6.58/1.23 2.19
WEH WN 1061 457 733 13 3.09 4.59/5.69 3.42/0.74 2.43 3
LC 436 719 3.16 4.59/5.48 3.54/0.80 2.41
TK WN 1083 458 756 14 3.03 4.90/5.86 3.32/0.74 2.43 3
LC 435 740 3.11 4.90/5.60 3.43/0.82 2.41
EWJ WN 1056 481 758 13 3.01 4.68/5.78 2.92/0.68 2.44 7
LC 462 746 3.07 4.68/5.59 3.02/0.73 2.42
SND WN 1021 535 758 14 2.72 5.22/6.47 2.01/0.57 2.59 9
LC 506 737 2.79 5.22/6.19 2.07/0.62 2.56
T WN 992 464 711 14 3.05 4.70/5.77 3.76/0.73 2.40 9
LC 440 694 3.14 4.70/5.54 3.95/0.81 2.38

g WN 1003 415 695 12 3.33 4.33/5.17 4.67/0.90 2.28 6
LC 400 685 3.40 4.33/5.02 4.80/0.95 2.27

v WN 938 432 671 14 2.97 4.78/5.75 3.16/0.79 2.42 9
LC 407 655 3.06 4.78/5.48 3.31/0.87 2.39

M WN 1031 439 725 13 3.20 4.73/5.36 3.62/0.85 2.24 7
LC 422 714 3.27 4.73/5.19 3.75/0.91 2.22

Q WN 1077 424 746 13 3.28 4.62/5.28 3.73/0.86 2.28 7
LC 407 735 3.36 4.62/5.09 3.87/0.93 2.26

MC WN 1161 426 821 11 3.80 3.82/4.55 6.47/0.94 2.35 s
LC 422 819 3.83 3.82/4.52 6.53/0.96 2.35
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Figure 3 Degree distributions of character co-occurrence networks in the log-log scale.
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Table 2 Statistical parameters of networks from the concatenated articles in different periods of China

Period Style Length N E D (k) L/L, C/Cr(%) y
SAWP WN 53479 3045 21998 9 14.45 2.93/3.00 24.62/0.47 1.48
LC 3030 21990 14.51 2.93/3.00 24.74/0.48 1.48
WEH WN 53109 3805 27298 12 14.35 3.04/3.10 17.93/0.38 1.47
LC 3772 27283 14.47 3.04/3.09 18.08/0.38 1.47
TK WN 54148 3511 27745 9 15.80 2.94/2.96 18.43/0.45 1.45
LC 3503 27743 15.84 2.94/2.96 18.47/0.45 1.45
EWJ WN 52788 3388 28285 9 16.70 2.92/2.89 17.18/0.49 1.43
LC 3378 28284 16.75 2.92/2.88 17.23/0.50 1.43
SND WN 51037 3822 30030 10 15.71 2.97/3.00 14.34/0.41 1.43
LC 3818 30029 15.73 2.97/2.99 14.32/0.41 1.43
T WN 19582 3608 27436 9 15.21 3.00/3.01 15.76/0.42 1.42
LC 3597 27433 15.25 3.00/3.01 15.81/0.42 1.42
g WN 50135 3332 24830 8 14.90 2.98/3.00 18.73/0.45 1.48
LC 3317 24826 14.97 2.98/3.00 18.81/0.45 1.48
v WN 16385 3809 26868 9 14.11 3.07/3.12 15.33/0.37 1.48
LC 3797 26867 14.15 3.07/3.11 15.38/0.37 1.48
M WN 51539 3693 28438 9 15.40 3.01/3.00 17.34/0.42 1.46
LC 3683 28434 15.44 3.01/3.00 17.39/0.42 1.46
Q WN 53855 3466 28061 8 16.19 2.94/2.93 18.97/0.47 1.47
LC 3451 28054 16.26 2.94/2.92 19.05/0.47 1.47
MC WN 65548 3015 25388 8 16.84 2.75/2.84 25.70/0.56 1.41
LC 3006 25387 16.89 2.75/2.83 25.77/0.56 1.41

4 BEEXES—/FHTX Y W2

ARSI ) 50 J BOCAAE L T 11 AP RBLM S, LGS UL 2.

GEVF A RAR YT 11 SRS BAT /M TR TER AR BER P, ok 2 v i, 25 I 30T k) 45 1
TS HC A LU B2 A i KI) © Mis/NA Ly, 3E—20 1 L, ¢ ATEUE Y, BUREBOONSE
K RT3 P8 S S L30T 5 3K 55 A B SR I s T (1 X 2% v e A ) &5 1 2R 4B

R G IRV IR R K, (H2 Y S8 H Mdmb (3R 2). DTS oy SCRTEEBA RS b T 7
I8 H TREAT Frimk sl AR, R SEvHAEBAR 50 R TBOC A —Ja SCE et W ] [RIBL R 2 oh, 5 i B
ik 8222 A L RTINS0 SO AR SCRT B — MRS R S5 SC PR P R R R A 1R
e ANl RS, AEBARSOh — AN AR DAAE 22 A i L. 32X 30T BUARSC IS B 1) 5 7]
DL 28 T A A ] [ DL R 4 3T B0 H AR 2. DAL, BRSO b 5 B R AR R R B 7 Y 3
JT AR
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Table 3 Average values of statistical parameters for networks constructed from the articles in the ancient Chinese lan-

guage; Wei, Jin, and Southern-Northern Dynasties; the recent Chinese language; and the modern Chinese language

Period Style Length N E D (k) L/L, C/Cr(%) ¥ Subnetwork
Ancient WN 1065 406 696 12 3.32 4.29/5.32 4.92/0.95 2.32 7
LC 389 685 3.39 4.29/5.15 5.06/1.02 2.30
WeiJin SND WN 1053 491 757 14 2.92 4.93/6.04 2.75/0.66 2.49 8
LC 468 741 2.99 4.93/5.79 2.84/0.72 2.46
Recent WN 1008 435 710 13 3.17 4.63/5.47 3.79/0.83 2.33 8
LC 415 697 3.25 4.62/5.26 3.94/0.89 2.30
Modern WN 1161 426 821 11 3.80 3.82/4.55 6.47/0.94 2.35 8
LC 422 819 3.83 3.82/4.52 6.53/0.96 2.35

5 AERHEIRICAT LA

AR ARG 1 AISCHR [9] AR R AR 4 1R AR R A BT ARG < B e AL TS
W AR DCHE AR 2 8] 1) 5 ).

FETE 5 2 O DUEE A T R 2028 5K e LRI VLIS 53 ) S22 & b ARG, L R Jes WL TE I
Wi T ACNGE, AR E S A1) J8 TOUCBGE. (H2E, X80 g A I 30 ) Sc 24 2 Jg 1 b ARDGEE
SV ARDUE— BAFAEAR K4 1K — 4 B85 18 SCFE ot Y. (1) 9 28 4 S AR ? O 77 [R]85 — 1)
L B T ARDGE . B R ACEH IO DGE  IEARDOE LA IARSGE 45 100+ 150+ 250~ 50 4 3CH
XV 4 Ge it S8, WK 3.

M 3 I EE 0, B m AL S I N 48 AT 5 K0 Ly v Rl (k) C; IARDGE N A
BRI (k) © R/ Ly B35 s ARSI Ge vt s -5 AR BOE RO AR B 1 e v 20 2 181 (1
FELE R LA ). AT, DOV 552 R B T s I U305 11 U Ja8 P 1) 4 8L PR P DA SC 3 BT ) B
(2 A3 B AR, HE—20, fER 3 T B i, B e AT 3 1R O U AR DO IR I R 4% 1 8
TSR . DRI, A2 M2 1R A B oK, B0 rE AR SO0 8 T PO G B B
HE—20, BeAr T LAHEN RS 5 AL s I 1 S0 A v AR TR DGE.

EUBGHIAE 1988 AE R R IXFEIM A = BIFER, 1X 700 FFiZE K7 EABIIM 35S
SE BRZED AT AR K ZE 50, AH 2 th T B R s Pk, FE e A e U L EE A — @5 T, oeeeee
M BTG (573 U, IR ARTE, a2 i, A6 nT DU IEARDGE R Bk 25, S A il
h B v LI S U) PRAA T T A R S SR AR DG K < Sk 261 BRI, A ST AR B 1 B0 R AL Y
(1302 8 T IR AR DGEIX — 4518 5 FIRW S —2

e E S b B R A — AN BRBRAG BT AR (I L X ROR AR v DOBERR A LU 3 R SCERE
AN BB BE, SCEH AR T ML 22 0 DGR TR A NN SCEE R RB TR 25 1 5 B Uk
() A B0 S AR S R T il SOAR I & G 06— Tl A 1) 15 S BV S ke, e oAy 3 A I 3] o
(RS2SR, I SO T — PP i) $P I PEAR SR K« P LA 20 R HEDEE 5 T S8 M STk AE DR
A I R I, AR T D F PR /NG, I DR ST BT RS 0 T P B 43, 950 IR AE R AR
N i, B T G RN S SO A SR I A ) KRR I T ) &, R T SRR A SR, X
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N FEFINATIRA T — AN RF AR NACBEE 7 IEA. W RSO B e AL NI BRI, e R Wl 507
(T SE . DAL, AEAR SO b A 2 (10 B0 LRI 1 0 S0 TR PGE o & B e A I
J7 AR S B A, BT UERIE A AR A0 O B r el T 3o Bt AR,
WS Gevt o R S o HAR B T — M RIS . o, B0 LRI T BLR S0, S0 i
ARBLHE S A M 2 IR K0, 5 0] SC AR I 2 RSO ) 285 mT LA ey R A AR & (R AR

i

e

6 Zgv

FETHERIE . =L PR BRI B R o WL BARE 11 MR 50 K
3, ASCESET 561 ASFRIBLM S, FEOTST T EAIMGETHRAE. BETCAEL 99.6% (11948 BAT Johs s
Pk, 95.0% M2 B A /MEFRAE. 720 SCER L T AL g, NFRE X EE, KT
BAR L mALEIN R, DU, AR I DN, R IRIAR L O mdb @i, AR
R IS K, BARICOR. T3 WA K il e 390 ) S22 MBI S 2 B R TR T IHUI ) ST R e r i, T 5 R
ATGR. ShAh, BACHIAN TR SCE Frek K 28 BAT BRI L MM C, TR N I R 5h 3
NG H AR R RN SOV (1 BT 5%, AT G5 I S0 A SR ey oG 2 DA 199 288 EAT ORI
(1) L AR C, AT RE 54 2 H R E 1Ty H SR BORBIE T s AT 5. &I 11 50 Js HICC
T Ja TR I [RI B 48 R e v S B, RV B SC IR B T 5 O B D (AR A TR AR
R SCE SO B SCHIANIRL. PRI, AR SO T I 4% S M S T AN I S0 0 SCAR R AR
. Gt @ RR I POETE S A P RHUA R, ER AN 45 . BOARMZSE I 0.

B H TR 1k, BATFE AR SR b B A R LA E 416 3 5 B AN SR 2% 0 445 1) s 8 SReAfk 5 S

AT B e BRI IR ST 1 JH R S U TR R PRSI . 78R S A PR
B AR S 0 S0 A e T ARDOTE IR I A PUE — EAFAEAR K8 ASCHIZE T Bl B
T P G H I SUT A 190 2 AL B ot AU AN B DU W 48 R ik AR A AE W S AN ). AT, B0
AT TR I 8 R i 5 I AU R ) 2 AIE SO DALk, B v AL T I 300 0 522 g T A AR DL BT
SEA R BREER 5 B ORI AR AL RO AT A— B 129261 SRh— S B R U B IS 2% I 46 14 £ L
RWTFUTE 5 B S0 R A AT HE .

TIAN, ARSI AR R BATTRE 2B WF DL IR A A S DB A B R SR 1t T B e vt Kl

Bt ROMAERIFIE K P E TR G N o Y B 8 A B L R K S SR AR x] 4B K G
PR B DOE o BB B R AT 4 R RO AR BT 4R W R B R AL

S 3k
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Study on co-occurrence character networks from Chinese essays
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Abstract Co-occurrence networks of Chinese characters are constructed from collections of essays in different
periods of China: the ancient Chinese language, the Chinese language in Wei, Jin, and Southern-Northern Dynas-
ties, the recent Chinese language, and the modern Chinese language, and their statistical parameters are studied.
It has been found that 99.6% networks have the scale-free feature and 95.0% networks have the small-world effect.
This study reveals some commonalities and differences among articles in different periods of China from a com-
plex network perspective. There has been a controversial question as to whether the literatures in Wei, Jin, and
Southern-Northern Dynasties should belong to the ancient Chinese language or the recent Chinese language in the
linguistic study. Our work shows that the statistical parameters of networks in Wei, Jin, and Southern-Northern
Dynasties are clearly different from those of networks in the other periods of China, and it seems more reasonable

that the literatures in Wei, Jin, and Southern-Northern Dynasties belong to the recent Chinese language.

Keywords chinese language, essay, co-occurrence character network, small-world, scale-free, linguistics, hetero-
geneous networks, statistical method
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