LR VA5

B &Iz DO 2y b — 7RIz X B
EHFR T — X DR

EEIPR PR R Lo
I PR 27 i 2
iy AT LR

INEE R

202041 H 20 H



B

=2 5 4

10
11
13
13
13
16
18
18
27
36

B22 EKTFZ7EY ROREEE . .. .. ... 43
B23 AW PT—ZMEEHN . ... ... 45

B3I  THAT Y FOREATRATED . o o o oo e e e 47
B32  ATHEARRAY F T —Z O . . o o o e e 49
B33  HATHBEBEER Y F T =T DFEI . . o o o oo e 52

B4 2%
B #H 61
i 64
XD 65

(S 55 73



=P
il TCEAGE : A —AIPDNE =V EZOMATN o o o oo 15
TCEAGE : RIRL—H —DIRBA . o o o e e e e 20
B TeE A KL —F — DA — A D7z D OFERATL o o o o e e e e 21
B TCEHBAR - KL —F —0 sell probabilityl . . .« v o oo e 23
31 TR KA —F—DH— IV T T ART VT o o o oo 24
b TCH bR 2L — T — O triangle congregation . . . . . . .. ... ... ... 25
7 e bR : XrRL—F —® cycle probabilityl . . . .« . v e e e e e 26
R THERFR: Bmmadl—V—C AFI— P —C 2 MU -2 =D ROCH L PREIR . 28
4] e AR - ) e I W R @ permutation importaned . . . . . ... L. L. 30
[0 7CHER: BARDOAEDND Halib i i n U2 D ROC H L PRI . . 32
I FEER k=101 —F— %L Il ML EDROCHLIOPRER ... 34
2 TeEHG k=1 DA—F —PBEAR DO RN D 2D I I L7 & =)
ROC & £ PR HHHR 35
13 SITHEHEE « LERT Y D OFEATREI B . o o o o o e e e e e e e e e e 48
14 S THEEER - SRR Y BT — 7 CORBAG o o o oo oo e e e e e e e 49
15 SHEGR : AIHEIR AR Y DT —27 CTOWRER I I 9 D 2o M el . v o o o e e 51
L6 SIFHEEER - AR A Y T — 27 CORBUIEA T DM o o o oo oo oeoe e oo e 53
L7 SRR - AR Ry PV —21B T 5 I a2 =T 4 DEORE . . ... ... 54

L8 SR - DRk v PO EA[HERESR Yy P T —21ZE T2 33 a=7 1 OHl .. 56
L9 SRR - DRkt v P OEA[HERER Y NV —J b b d3a=—5 41 ZZ0)




xBR

il TR « BT — T — OFRETTEIR .« « o o v o e e e e e e e 19
7 AR DEEED AUQ .« o o o 29
B TRt k=1 DI =T —ZRO TN D AUQ . . . o oo oo e 33
71 O FHEEE : FEa G R Y N T — 21251 5 I At iy D TE B . . o o v e e . 52
3 SITHEEE : DR O ER[HEGE R Y F T — 2 b0 555 I3 1= 7 1 %Rk 3]
BSTER . . . . 55



25

A VR =2y M RBFA—IN, V=¥ 2y MT—=F T - H—E A (SNS), &
F—=RR—=A, GRS DY R - FEIZL D, ABO L ZTENIZODVWTDT — XD
HxdaHxn, FIAAREICR>TWb, 2o Z2HAWT, fERFE - BETIEIATEER -
7z, FEHFUIBIT 2 KRR T — X O 217780, FilzeMRz2H82 Z EPARRIcR - T
iz, TDEIBRT—R2DELLIE, KEWIZXY VT =2 THRbEAPYED (D3N
D] EUTRADBIENTES, 2V NT7—2 (FI77LHEND) Ik, [DBHhD] %
S L 72, EYOBRN %GR T E 2R ATH D, 2y VT =2 IZET BH%ED
RO D LT, HEIZHONAGME 2R O>X Yy VTV —2 25K T2ET NV EDL 3
2T, hNOFMTORERFDOHMHEZEHIET I VDB, £DO—~AT, xv NV —2%
T =R DHDEEL U THWAMELBRAIZITRbNTWS, 722X, 2vy hTU—
2 kT TR RO T 2RO R 21TV, COHAPEETH SR EDNE%
FARD W TED, KHIZETIE, xY MU =2 2D DEE L UTHW, 2 D05
HFRABET — & - i cORERRE O HERZNRE LT, 2y N7 —2 DRAT
W& 2 Wit 2177 o 72, 5eEHBEBRAR Y MU =2 O ClE, AV F 1 > ORGEEI TS
THEIANH) DT —REMRT LTz BMEDAEL—YF—L@ELI-—TF—DH > Ths,
TNENOI—F—DR YD, FFiRLry NI =22 BE L, Zhibxry hT—2 1
DIEEZEIE L, 722 20 O/ER LU 72REZ AV TEMFEE I L vl 1 -9 — 2 RIE
AV —DONHEEIT R -7z, BIHBGRSR Y N7 —2 O Tl MG DR DT H R
M % H D delayed recognition (DR) XEkIZEH U7z, DR X@kOXy hZ2HWT, 1
SOBOFIHARI Y N —2, BIOCHGIHBEGRA Y MY -7 2L, 2TV XA
Xty b SBRRIZAY bT -2 2MEL, BEDOHKEZITR o7z, ThHizk b, il
[RBARHEZHTRY NI =T 2T 27-OD0FEEZREL., TOEMMEEZRL -,






AVR=F2Y MRETFA—IN, V=¥ 32y NT—=FV T - =R (SNS), &£
T—RR—=Z, GRS DY & - FEICL D, ABOKL BITBZOVWTOT— &N
HxEAH I, FATREICR->TWS, ZThoeDT—XEAWT, ERFE - BETIEAR
HRE7Z o 72, HMFUZEE T 2 KBS R 7 — X O 24772\, HilzmMR AR5 Z L H ATEE
2o CT& T, ZOXS BAEHEEIEASRZE LT XN, BERAMAIMT LD TS (1],
MIED—HlE2ETF 5 L. 2004 DT AV A KIFEFEZEHR 0 70 7 0 BRME % i U,
ESFIRD 70 ZUEFA URSFIRDO 70 7 A~AD Y V75, URFIVIRO 710 Z1EF LY R T IVR
DT7VRTADY VI % L IREBOY ¥ 7 IR TH D Z & TiRbbIREEO D
WA RONEZLERLEEONHS [, ERREZOEDIIOVNTE, XEARL DT —
AVFELTE I LIZE o> T, SIHBARCHEERREP o2 EE X 5 T L HATERIC
RoT&ET, TD& 574578 1E science of science & XN, EFEFHELTETWS 3],
FIZZBT 72T —2D% <1k, 1 VX =3y bR SNSTIEHZENS DZRIARTED, ARE
BIZxy N =2, Tbb APYHED [D4HD ] LUTHRASZENTES, v b
D=2 (7 7B EN5) & (D200 | 2#i54bL 72, EYOBEKMEZIETE 5%
WaPlAaThd D @, HFOMATIIELS S 177 78w & UTHE MTONTE
M BED, VIEUIRKBE» DBy N7 =220 R e Uiz Txy b —28F] 2
FELUTE0IE, HBRWEETHDLFEAONDS, HEDOE o IF & LT, BEMRTH
SNDEkA LAy T — 21Tl 2R BB T E 2R ET VARSI NI A
X¥1F5 5, Watts & Strogatz 1 1998 £, A€ =)L —)L Rk, $hb b H 2 THEIZ B
THEHMALD FLBEEL TWD Z D%, POERD 2 HAM DS HER/NS W
WHOMEEFEHT2ET NV EFKK LT [H), Barabasi & Albert i 1999 £, A7 —)v 7 ) —
e, TROBIRBO AR NERANIGES L WS MEEZHBRT2ET VAL LK B (%
72U, 7R E TIVHGIT Price IZ& o THRERINT W [1]), ZOLSIT, 2y b7 —7
ZBS B DMIRDO O E D LT, HEICRSNAMEZF DAYy MY =22 E KT 5E
TNEDL 5T, NDFEBTOREMFDHMHE HIFET Z 2D 2,

ZD—FHT, 2V NIV =20 % T —RENDZODEEL UTHWAWEEBAIZITRD

DHMEDPBEETH LR EDWNEEFARL N TE B, ELLHE LT, Google D1 v
R—3v MREBELV YV THAINTWVWS PageRank 2325 R0, ZHiZy =7 X—-T%
TH, NI R=V > 2% (B elztry NT—2 LT VR LT+ =7 0EHIN
%, FROBEEE2RTIEETH D, £72. 2 v NT =T OHRTEIZ DD - - kEE %
MHET AT, T—XBREDEIRFLEDIINTONEIDZHARNL LN TESL, Z0D



KO RIAEIZ T I 2 =F ¢ fE [10,00] XN, Ry b7 —2 O & HE TG
MOEBKZERBIZEFENTH S, DLy NI —2EiFIE. T— X ORREZEDE
BEERD Z 2%, TS OBFRMZ k2 R lHD SMEET 2 Z & 12 k- T, MRS
DR TOMED A ST, (Y (2] REYFE (3], KB (@) &, BERRZHES
SRR I I N T WS,

v N7 —2 (DIER) 2RO 2EEE2 KT 5L, KA d D L [ATRE DIT
oD, KRERWZEEE X, FEICERY N =7 2RKOMEEZBRELTEEDTH S,
il LTld, EIZi U7z PageRank ® 3 I a =5 1 #EEDIEA, 2 THM 2 FE SR/ DD
S TH LA, 2y VY2 RO =AKDL I 2RT I T AR VIR, MOTH
MDD X 2R TrE R ME, A2 BIBEREIC N S WHST 50 ERT
A FLER EDFET SN D, BRI X, HBTEND 5 \WEZ DL OREE 1) %
HOWTEHREI N2 EHEDTH S, il LTI, ZOTHEALS OO TH IR, Z DIHMAH
EOZMAIKDLIEZRITA—ANTTAR) VIR EDRH B, T2, 2y NI =2 %K
K AENBLOHO—HIZERHT2Z 8 E2 6015,

AT, 2y VT =T 2RO ODEELE U THWSVGE &5, A TARPET
. * v N7 =2 ORANGEES LORBICERT 2, 2y N —2 2RI 512h7->
T, KB 2HEE Y Bl 2H5bETEZ DI LT, JOMIPVWEENTES D
EMERMIZIEZEZZSND, RTINS - FIEICEHTBEE LT, 2ITIE2Oo0%
Fonsd, 02k, FHATESEZT—XARoN2HEL WS EMANBHETHD, N
T, HOERERELT DT —XDBHEN, FHRIAX ML EDHMETEDIRTE2FHT S Z
LIETERVWES, MANLEROANSHAETEIE2ZHVWSIEWHIZETHELE, S0
O, BF—XHOREDT —RDAIEFEHL-WHE L VWS, BENBERTHS, T
BROLRET—XD5H, HHREOHIEH HZWEEZRTFEEZNRE UTHZRARZ57
WA, TNOS DO BHEWVIEENS DEIADIERZEZRICHWS L WS ZeAFEZ 65N 5,
PAEDEEED & AW TIE 2 DOEMBRBULT — & : G TOEEBR L kD5 H
BfRERE LT, 2y MY =2 ORFELE AW 27785, eEBEGry hT—2
DI TIX, AV T4 VOB TG THEANA) DT =R 2T 5, AV VIFHA
BAROBIEE S DAY T4 VIHBHEMIEI T HTH D, ZOHGTEI—Y—IZHWVIZHE
B 2R TATLRFRETAHIILENTES, ULrLHRIZIEHHEZEEINTWS, AIER
TATFLEED A—F—HIFEL, TORBIIEHEIZE > THERFETH S, AFET
a2 —Y—FLOEEIEZEPrS D 6Nd 2y T =2 i L, RIERT A 7 L %ZEE
Liza—H¥—D, xv b7 =2 LTORHBERS, £ I TRHRONLFHED S, BlEE



DFEDBHVTAELI - —DOMMiZ2idAa s, 5IHBEGRR Y 7 —27 O TiE, Zifisn
XD THRELME%Z B D delayed recognition (DR) XERIZEHT 5, Tk, HIR
BERIZIKIZFEALFIHINR WD, DAL S APIIEIHIND K5 IZR > 7= XikE T,
ZDEI7% DR XENE T ADBDOBIANTIZ L, ZBUFET D LW RBINTVWDS, LH
U FOM5EIE. EBID DR XEAEH SN D & o0 LR o 72RO AR L TH D |

DR XERDOMEE X BRI IXARHAH AR ZZ 0, AifZETIE. DR k% THE & U725 A
HBAy MU= B XOHIHBGKRR Y NT -2 O 217785, TV X LR ETHR L

U7zt y b7 =2 L DHBIZ LY. DR GEIZKAEDOMEZEET 5,



2 FEBGRRY bT— O

*LREDRIE, FEHENT — X BZEBILFE KRZEE 71025 202 X Y University of Bristol 1282 U 2Bz {7 bz,
FHEEJE L U T, University of Bristol ® Advanced Computing Research Centre ®% D% i\ 7z,
AREDONFIFZLLTFOXHEIZHED <

Kodate S, Chiba R, Kimura S, & Masuda N.
Detecting problematic transactions in a consumer-to-consumer e-commerce network. (submitted)



rEDES

Ay T4 VHGOEBEIX, PERT A TFTLARFELBRWT A T L2 HRT5%E, [HE
HEWHIO—FRIZHXIY A TWD, RETRAZRET 5720 DHBI A LK, B
Niza—HF—o7u 74—, 2—F—0fFH), FHRBIHINZTFANPERGZRE %
i 528 Thotz, LU, BEHIZI-—F—IZINSDBERERLZ0BELZDT
5ZenH01EED, ZOBENZHEIZEERRHLZENEZILNE, ZOLHHK
BHRPO6, 2y b7 =2 Z2FHULBEPRLZIRA 4 VBT Iy 75— LATAIE
BMHED-DIZFHINTE 2, KFETHL I, 580 PLEVWENARETHIZNS, v
T4 VHBEMIEIHBO -V =012 232y NI =T DN 21Tk o7, FxlTBE
DARELZ—YF—LBHEI—F—DY VT n 6, TNTNOFANZR, Wb 3 egocentric
network ZfEEE L7z, T &0, FLEMOBEHARO DA FET2HAVS, 8D
3y N7 =27 EOREERFRELEZ, ZhoDxy MY —JEEOGRHEHIEDE, 1210
DRHEZHAVTI VA L7 A VAMIE D SBEBEERL, @1V - REL—H—
(7205, AFEORIET A T LDOWTINIEHb s -a—3—) OnfEEAA, DiEE
FAEDOHEIZE 5T, BVWHECTEE 1—Y - REZ—Y -2 0T 5N TE T,

10



21 BA

FUS5AVTORMEIRAIa=r—YaryOAKZRILKIES>T, TORERFMES £

P AMIZIEINL . A% DETFIZADIAAT WS, Y4 N—JLFEE2 AL RE Ak, FERET
BRLVEDOEELEREIE, HE2EPL LTV [15,06], FIZ, BEDA Y T4V TOWE
P EWVEEE L ORRIZH > T, VAT LAEZKRET LI I2IEZTNIEEE NI A M
MOHRWH, BT 52 L IZiEEmWa A NP0 [T, AEFAOHFAIXAS., 7L Iy
A= ROREFME, 32— r&V vy av¥a— XA ADRERA, g LIk h
=5,

AEZM - P 572002, FHREH - HEH R TIEPARFEME S N TS 2 1321,
EMRH D7 OFEMER 2 IR, BWFEE 2 SO TFEEZNHT I TH S, K

. RERY Y TNV ERETHEWY Y PVl PR AMEREGA. #Hid D FHIZE-
fﬁ@%%wmﬁé:a#@%é[mﬂqo:@iothﬁ%ﬁ@%:gxéﬁﬁgwwa
LT, 2L Yy bA— FTIREGIE®, BH, EaofEE, 21—V —offmny, EiETl
WEEEBCC, RN, EEEOME. -V —0ER, Wl Mgk, Av I vt —2
YarvTiRa—Y—oTu 7+ =%, WEIEERERZE TSNS [20),

LU, 2O &S RFREED%E < @ELRREL—F—IZI3fRITBEI NS 5 22,23,
T oI, AERITAZRTREDEAOMRIEZEHERLYFIARATSH, RELZ—VF—d%
NP SENG ZLIZRITWS 2326, =& 213, MEAEY &S 5 HEE o<
H, REZ—YF—IIHELOO, BHEICHOAGEICU VBRI Z LN TE S,

Fv MU — 2@ 3N EEHET SO LETH . AEREOEME LTHLWED

TRV 22,27, FRALULTIE, T—RICBTPEM (A=Y =Pk L) OfoD%k
MO FHERHEN, 77 7HRNEEFHET LI LT, TNSHEHMAERREOT 22 0W5£0T
Hb, ZNLDOFEIF, REICEHDITHAMWEE DIHREIZRREZ DBV [HONNR—V %
RTEWVIFIZE > TWD 22, v b7 — 2 & 2 REMIH DS FEE S 1z 5B o6l
RRIF5 L, R ER]. vRx—mr &) VS [0l BT — & [32]. l#Y— 2 [33],
fERRBEY 27 L [B4], €A VIRE [BA], BEREEE A Y U —2 [B6]. SNS [B7-40], &

YIA v a— [B143], AV vtA—2rvarvB iUl [a48), 2LV -
RELS] [29,60], B E5@EHE] [b1), ZOfikk~ 2Hhfl B2 b s, —fle LT, 54V
TAVE =2 arTld, REA—Y - ZTOHHEVIHIEZ ERIE2720, 2—¥—D
2Y R T =2 IZBVWT Y S 7IOEVEEZTER T 2 2 L RSN 1), ROWTEH
S, ZOEIBEDLWORDYD FONR =22 RET 5720, BERERIFIZEILS TV

11



YV AL%ERLUZ, ZOFHEIE, eBay 2 SHEUZET — RIZBWTHEMELTELD S
N7z [d5],

AR IZBENT, HAIERBR LA > 514 > C2C (consumer-to-consumer, 5 275 [H péd
WAl HGETHEANA)VPOBB LT — R 2T 5, ZHIXHARKOA Y T4V
C2CHiBTH D, 2019 DN T, AMT 757« 72 —3— 1,300 A, VUHAES ] $a%H
1,330 @M OBETH S B3], 2T, HLAWFI—F—DWEI xy b7 =27 IZHEDVWTH
IES| DM &2 47725 A, T ld 2 —H — OFEMIC B 1) 2 RIEZ FAR 72 BATHZE & 1dxT
WTh 2 [da-46,88], xv T =2 IS REMB TV TV XLDRATHEDZ T,
3y N7 =2 DWTOKIGRIER, 72 ZITERER D, I3 2 =5 1, BT
k-core, MERZREIEIZ Lo TREDRQREZH VT W [28-47,49,60], % DMODMZETIE
v N7 =2 DWTORFNZRIER, 728 ZIERBe, ZAFROKR, a—hLvr 7 AR
¥ OREBUR E G SNz [2R-30,84,87,04, 07,88 51,62, 2 RN RER. Tabb
TR LB ETER DDA fi,. B I OBHEEHAR 02320 in oetE T 2R EE %2 H
W5, ZOHHE, RANZRNEEOASDVFENL VBRI OEETH D, - A ITHE
TEHILEZEATCHLHEHNTHE-DTH 5,

12



22 MEEFE

221 7—%

ANAVIEAYTA Y C2CHBOY—YATHY, TZ TRV —3k4BT1T
LEEHIGIT2I N TES, Y- LRARHABLOT AV I TEEIN TV, K
Tk, HAROHEG» o/l oz —XZ2H W, @EOWSNIIMA T, F2IZMT
D4FEHDOARIERT A T LZRE Liz2a—YF—IZEH LU : $72b 5, fictive, underwear,
medicine, weapon T 5, Fictive ITFELBRWT A TLZRDICHT I e EHREI NS,
Underwear X fHHFEA FEDOIE 21T ; ZHIEMMEPHEDOB ALY — L RIZL-T
BiEkEnTWws, Medicine ZEHEFOWA 2T ; ThIFERICE>TEIEIhTWS,
Weapon I ZERARFHOIE 28T ; THITIEFRIZ OBV 55720 —LRAIZL > THEIEI
TWb, YU 7N UAEEEO - —0HiE, KDITRLTH 5,

222 Ry NT—UENT

Bxlda—H—0o< 5, AF - BANEOXY VT —TEMEHT D, 2T, 2—HY—
Ay P =2 DIH/MIZ, 2=V —HOMENIIAREIINEY 5, HOEAR, 21—H—
MThanzlEI08zEdobd, ShFE I, VNV UEEHEOEEL—Y—-BX O
REL—H— (Thbb, PR EL—EARET A TLEEsI—Y—) 2ZThZNHDL
&9 % egocentric network # fE% U 7z, Egocentric network & 1%, by & 72 2 TH AU B #E

THHEME TDOHEDE, L UBEHAROKZEL XY N7 —2Th 5,
HFARF TN LT NDOHLIHRIZDOWT, 8 DDFEFELFR L2, TN ol T XTHMfHNZ

fREE, bbb, FLEHREBET A HAMDO DAY ETE2ERE ULTHWSIEET
b5,

8 DODIHEDS B 5 Did, HLHMD DL HDOHRDAZH NS, TH v; DR
(degree) k; 1&. T DIHMDBEADE Z/RT, THA v; D node strength [64] (FEALS EIREL
weighted degree) s; (Z. ZDIHRDEDL LG DR Z R, TNOS57DDEEN S, B
A= ANH7= D & DB s, /k; & IO L UTEHE L, Bl k3 DOHEETIEED
M EIEERE LR,

THA v; D sell probability SP; i&, DM & 2ERT 2T, v; MO FL L TR 5>
B ANDEIG 2R, FEMICIE. SP; I
jout
T

13



LREFRIND, TITE Ry DAREL Thbb o B 1EBET A7 L% H - BHEE
ROEL K v, OHIREL. TRhbb o, 1B ET A 7 L %58 -BEEHRA D TH 5,
FEREUT, o PBETHR 0 T H2HWETHER D FTEH 50, v; 1T v ODARES
LMY 12 1 BT 5, TR A, KD - R IEUH R, & —HT 12 L < AR,

H AT E D sell probability WSP; 1

WSP; = — (2)
S -

LEHIND, TIT, s ODEAMIE AR, THOEECOEE, s 1% v; DEA
MERIRE. T80 bEDDRKTDH 5,

0 3 D0fEE. POEAPED L ZMABICEDIL, B—ANVI AKX VIR,
F. v, DD O - EBAZLDOZAKOEE X 2ERILT S @, Zhidv 2 EOHER -
HARLUD=ZMEOE%E ki(k;—1)/2 THI-7BE UTERI NS, B—HIIVITARY) v
TREC T 005 1 DEDEE & 5,

HAE B—ANTTARY) VT RBOEMICERRT 5 =M1k, v; ORE D BEFETH
DEADIZEELTVWDEWSIRM AL TR, TOX S WHEERIT v, BT, 23a=
TALBLAREDLIBREHELZ=MFOLY hEKL S % [bi b6, &Ko THL DK
. HDERDP I 22T 0 KO SRER, B -Y - AEaI -V -TRZLZE VD
ZLezEKRT S, ZOFEAZERILT E720, triangle congregation m; £ \5 & & E A9
5, TN, v; VEDLZ=ZMAEORTHRESVEDDHRAEZILET HEAE, T40bb
(v; DEDBE=ZAMLDORT T, ENITEIVEDDHRZLET 2D DDE)

Tr;(Tr; — 1)/2
ELUTE#EINDG, ZITTry = Ciki(ki — 1)/2 13 v, D Z =MD TH S, m; 120
"o 1 DOREDOEE &5,

EF—7 b1 EMEENDS, STHROAMHD v b7 — 2 OHEIE, @FEI—Y— L RIE
aA—Y—%KHIL S5, K, ﬁf’ﬂ&?ﬁ‘%)ﬂﬁ‘é:ﬁiﬁé%%zkt%\ % 1% feedforward
=AF (M Da) FERED, cyclic ZAF (M Ob) 1325 THRWEWSIREEZ T, &
H7 5, feedforward ZMAE O HRZRMIRE LTk, HXE 2 OTEAIXFR Y B2, HIREO

DIEMIFEWFEBEDIMEAIIH DL WD Z8lkhd, DFHA—F—D% L, 5EHEWV
WA TR, BOFHIVBHWFOLELL N LTHGZHES WS 2 THD, I
XU T, cyclic ZAERLEGERET 50D 2 ik, HBENZ < O —H% =272 0 B\
HZHiG > L \0WS Z e 2EKT 5, AL cycle probability CYP; &\ 5 &% W7z,

m; =

14



a b

/Q\ /Q\
O—0O OO

feedforward cyclic

C d e f

/Q \ //Q\ //'Q\Z\ /‘Q\Z\
C5/<—Q O—0O O+—0O Cg‘——»Q

cyclic: 1 cyclic: 0 cyclic: 1 cyclic: 2

1. BA=ZAFO/NRY—2 EZOHAH, (a) Feedforward =¥, (b) Cyclic Zfif., (c)-(f) A=K
ENHRDEKZEL 3THRNAR—V 4T, MO TNOHMFIEED/NE — VI8 feedforward & cyclic ZHE D
IZEDLK LWVWEBNT 52 %R,

ik

(4)

LEHEIND, T T, FF; & CY,; ixznZz v 38D 5 feedforward =M & cyclic =4
o THS, FF,, CY;, LT CYP, DEZIZ. v; DL =ZAEPNA RO %Z E DY
BELERTH D, 128 21X Tc DFE. 3ODTHADOWTNOEFREE, 1 DD feedforward
=ML 1 DD cyclic ZAEEATVWS, ZOMONARMDEZE S DHEIZEALTH
Od-fIZRLUTH B, CYP; DEMETIX, BOEAIIEZEEL Lo 72,

15



223 TUHFLTALARANCILZNEE

ATz 2y b7 — 2 OREIZHE DO W TBH 2 — Y — L KO AL —F — L 2 8T
%728, F~ & scikit-learn bR IZEEINTWVWEFT VX LT+ VAN BA-6I] IZL->T=
AT R STz ZNET VY TV ERZRAVDFE, ThbLEBONEHR (22T
FRER) Z2HAGDESLZLIZL-> T, BFE LT OOEETRS FETH L, &
BOEDDT VX LT H VA NFHEERIZ, 300 FDOWEREFH NS Z L L Lz, ZNEND
WERIZ, TRTOFEEYG Y TIArSEHic k> TI v Xy T v rankz%84
YIWIZEDERREI NG, FREROEH R CRIERAE 2T 5121, TRTORK
BEIPSEMELD2EDE T VA LHET 2, DEDDRERIZENWT, H5T ATV
TNVDGEDOHRZFHET H121E, TAMNT Y TV EMRNICERZELZEE2E R 5, TDE
WZERELZEEY U TN DS bENDOT v TVOEIED, TDF A MY v T DGOSR
L%, ZOGMOHREZ 1P S5IWER, AUTA My TLVoBREEOMEREL 5, J
VELT F VA NELUTORME/GHEDOHERIZ. O LDV & DDWRERTD R /B DR
% 300 DR TETT 22 L TRONDS, BIEOHERN 05 &b KESTNEBEE. Z5
TR I N5,

SENTEE - — DD, CORPBEDOAEL—F—DHLDHL V., TDHOFE DO
ik, BB GEE) U V0B E BT (RIE) Y 7VoBe 28I E a0, By
YINVDRY YT T ETIRG, lE ESAREREHE TY Y IV OBE R L 72,
Z0%, B/ BES DR EZEAEREICOVWTOY Y bty &, 75 %DFEY Y T
Yy bE25%DT AN TNy FEIZHEILZ, TOXSITHEEINEEY VTV
WD E, 300 fHDOIER, THRDLHLVEDDTVRLT A VA NS EER L, TU
T. ZORHEBODFENEREZ T A MYV T2 HWTHIEL 7=,

DHEHFOMREZ B 72O DNV D DEEZFHI T 5, True positive rate % recall & %
. BEY > 7L (RE2Z—%—) 055, DEHEFPELLGHEEMEHTEZE00H
G UTEHEINDS, False positive rate I&, BT > 7L GEFELI—Y—) ©O>5, 48
BT NEELZEDDEIEL UTEHR I NS, Precision 1%, 2 HHLED G & 5
LYY TLD5s, HIZEETH 200G LTERINS, U E3DDMHEITNT
nbHors 1oMoEE L 5,

B4R DVERE %2 FFAMi 4 5 728, receiver operating characteristic (ROC) Hh#f & .
precision-recall (PR) Hi#fdD 37z D D Z 7z, ROC Mifrz i < 12id, 9§97
25 ORI K > TRIETIEARZ, I, EFIZEY > Tz AT, Bl
false positive rate %, #t#l(Z true positive rate Z 70y 95, £L T, EREXTH
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AR ISR Z & T, ROC i 2ME 55, PR RS FIBRICIEA 729 > TOLT, Rl
recall %, #it#fiiZ precision 2§ < Z & TROLNS, IEMER ZfHESFEZRTIE ROC HhifR - PR
HifR & 612 (z,y) = (0,1) fiEZE@ 5, L7zh>T. ZNENDHIFRED area under curve
(AUC, R FHEM) [T &> T, HHEGOMREEZERILTEI N TES, AUCIEK OS5 1
DHDOEZ LD, REVWIFESEBFDOMRENLRWI 2K,

DERIIBIL2EREBEOHEE ZH 5725, 4 IE permutation importance % i\
7z [62,63], ZOFETEH2REEOEEEIX, T A My hoY v IIVHEITZE DR EHE
T VRLIWMRGER T & FPHBFADDHEBROMRMETNT 2EAVICE s THIO NS,
CDENREVIFE, ZORBENDHEBOMERIZEML TWaE Z & %2&K T, Permutation
importance Z 83 5 72 DFlifERE & LT, F41Z ROC #hftd AUC 2 W7z, EHHEIC
WL TR, BREEICOE 10 RIORRDMRFZ 2700, TN 6D 65E U EDEY
iz EEEE UTEHAL

NANR=NFA=ZDFR#EIZ, 7y R —F oA N)F—2 a3y (10-fold) 2
Ko TH o7z, BWREARDRKEL (scikit-learn 1235 1F % max_depth) 1, 3535 10 DR
DIEZ R LTz, FHINTODENZ ST D RHEHE OMEMAE (max_features) 1. 355 6 DI
DIEZ R U T2, FEIZBIT B E/NT Y 7IVE (min_samples_leaf) 1%, 1, 3,5 ZB&E L7z, #i
WD PEADE (n_estimators) 1% 300 & U7z, FELEFEAEZRD Y — K (random state)
X0 & U7z, TOMDNAIN=08F A —=RIZDWTIL, scikit-learn version 0.22 D5 7 # )b
hDfEE AWz, BB b OBEOVEREREATIZ. ROC Hif#®D AUC & H\WTIT7 > 7=,

BH A=Y —DY TV ITONA T A% T 570, BAIX100HD T X LH T
VIINH TNy PERWTENENT VA LT A VA NEBREER L. @R
RERTAH 2 47752 - 7=,
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2.3 &R

2.3.1 ERahfREt

FL— P — ORI DWT, IRED survival probability (H 2fH & D K E Lk %z DIH
ROEE) #X BalZR U7z, $60 %D@EL—F =0k =1TH5DIZHL, RIEL—
=l EOEEIZEWTEH k=102 =V =132 %RBEEURTH-7- (RD), LizA->T,
ki=1Thodhrk >2THoPE, BFI—F - ANE2—Y—%2 K53 2 DICH ML
WTHDEHFEIND, IRVT, ki >202—F—ORBAMEFIZEHLY S5 L%
& Z. % ® survival probability 2K Bb (2R U7z, UDLERDB S, k=1 DI—HF—0DEIZ
CITIFBEE R 2T R o er o7 (R D),
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* 1. HE1—H—DREHER.

H15 Tz ZlE mean(A | B) L WS KGE, B WS RHEDHLETDAD
mean CE¥E) #%K7, £/ 15T mean ® median & WO XA L WG EIF, RICRULERFIZZI -V -0

ERERT 5,
Normal Fictive Underwear Medicine Weapon
Total 999 440 468 469 416
ki=1 587 (58.8%) 8 (1.8%) 3 (0.6%) 2 (0.4%) 5 (1.2%)
mean(k; | k; > 2) 195.0 138.3 297.8 184.2 179.7
median(k; | k; > 2) 775 61.0 170.0 97.0 86.0
s;=1 587 (58.8%) 8 (1.8%) 3 (0.6%) 2 (0.4%) 5 (1.2%)
mean(s; | s; > 2) 365.1 153.3 325.3 198.1 199.4
median(s; | s; > 2) 89.0 66.5 175.0 100.0 90.0
5 > 2 412 432 465 467 411
si/ki=1 97 (23.5%) 97 (22.5%) 86 (18.5%) 156 (33.4%) 121 (29.4%)
mean(s; /k; | s;/k; > 1) 1.413 1.135 1.055 1.066 1.092
median(s;/k; | si/ki > 1) 1.124 1.059 1.03 1.031 1.055
ki >2 412 432 465 467 411
SP, =1 157 (38.1%) 15 (3.5%) 21 (4.5%) 16 (3.4%) 17 (4.1%)
kvt =1 118 (28.6%) 21 (4.9%) 2 (0.4%) 2 (0.4%) 9 (2.2%)
5> 2 412 432 465 467 411
WSP; =1 157 (38.1%) 15 (3.5%) 21 (4.5%) 16 (3.4%) 17 (4.1%)
s9ut =1 118 (28.6%) 14 (3.2%) 2 (0.4%) 2 (0.4%) 9 (2.2%)
ki >2 412 432 465 467 411
Ci=0 118 (28.6%) 152 (35.2%) 108 (23.2%) 154 (33.0%) 128 (31.1%)
mean(C; | C; > 0) 8554 x 1073 8348 x 1073 9.500 x 107*  2.231 x 1072  3.810 x 1073
median(C; | C; >0) 2411 x 1073 2.039 x 1072 5288 x 107*  6.494 x 10~*  1.337x 1073
Tr; > 2 262 241 317 251 244
m; =0 17 (6.5%) 27 (11.2%) 54 (17.0%) 44 (17.5%) 32 (13.1%)
m; =1 12 (4.6%) 9 (3.7%) 4 (1.3%) 6 (2.4%) 11 (4.5%)
mean(m; | m; >0) 8554 x 1073 8348 x 1073 9.500 x 10=*  2.231 x 1073  3.810 x 1073
median(m; | m; >0) 2411 x 1073 2.039 x 1072  5.288 x 107%  6.494 x 107*  1.337x 1073
FF; +CY; > 1 294 280 357 313 283
CYP;, =0 234 (79.6%) 188 (67.1%) 222 (62.2%) 227 (72.5%) 202 (71.4%)
mean(CYP; | CYP; >0) 1.987x 1072  7.367x 1072  6.739x 1072 8551 x 1072  5.544 x 1072
median(CYP; | CYP; > 0) 1.521 x 1072 4481 x 1072 3.396 x 1072 3.822x 1072  3.618 x 1072
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a b
100 3 — normal 100 3

> \ — fictive L
= — underwear
% 10~} — medicine |
-8 — weapon 10°1 3
o i
£ 1072} [
% 1072 3
* [ ;

10_35, X ) | -| . L ]

10° 101 10° 10!
S;/ /(,'

3. %El—"f—wﬁ?ﬁ)\—)\%t U 0)3“’:]3’&3@5% (a) %:IE).J—(T\VCO) Sl/k'z (b) Si/ki >1 OD]E/'.J—TKO) Sz/kz

# 2 — % — D node strength (EAN ERE) &B Be 1R U7z, EALL DR L R
2, ZLDOBELI—Y—Ns =1THo720, AEZ—V—FFDTERLP>7, 5 > 2
DEMDH L TD node strength @ survival probability 1%, JEH 1T —H — & LEL—H—
CTCHHERAZRILIL-7- (M Bd, £ D),

FERL—Y —DBEAN— ANH 720 OFIMEIE (s;/k;) DHAAAEK BalZm U7z, KEFD
WBHEI—Y—Tlds;/k; =1 Tholz, ZNEPRDDOBOBEL—F—HEEA—Ad7
D1EIZITEEI 2L TWA I 2 EKT 5 (KD, ZOMRITETFL—HF—DHK 60 %T
ki=s=1ThdLVOMRE—-KTE, FEI—Y—TIRIFLALED s;/k >1Th5,
UL LR sfmE LT, REZ—F—2@F1—F -k 00N fliz & DE
MARZD, ZDEE s /ki=1D2—YF—2R\ZDMATHEFIZZRS (KB, XD, L
2o T, REDBAL DEEI RPN &, FEI—V—DRHOVEL DL LTEZS
ns,
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FRL— P —DEAZ U sell probability D43 fi%z, B Hallm U7z, @ELI—F—0D570
B0 1IMEIZE =225 D, HEBEHZEOER 12— —2% 0 FEZREVWTFOAIZEHR
LTWsZeZ2RLTWS, HERELT, SEY Y TN LUEDIZTIRBLAEY A7 L%5E-
A=Y —Thd7-®, EFHE Y sell probability IFIHIEKTE 1/(k" + k™) TH B, L7z
NoTOMEDE =21, =P —DPRERD 1 \D5ED UIMZIE, 2 HEIVIKIFEAY
7D TR0 TWRWI 2 EIRT 5, WIIIZ, REX—Y —D07IE L O TH LR
I TH 5, EHAZK U sell probability & HWF - 580 FOEDH (sell probability d 4>
) OBfRZE. Kb IR U7z, B O SHR EOTEAUL, sell probability A% 1/ (k™ + k9 (2
FLUL, ZOEHADPRNDOEREEZ LD, RO =1THDHI L a2REKT S, DX
D, ZORMEDI—F—IZBHEA - ANZH LU TERE, $RTHWFE L TRSES, Mob
. B LAY —DRZHTEHE LI —ThHb5I 2R, ZhFRDTEREMNIZH
Whrdohd, F-IFLAEO@EY 1—Y =1L, sell probability = 1 DR E (k; > 2 Dl
Ha—¥—0381%) »rifit (286%) 203, THEFEAREL—F—TIHLEOREHEIZE
BT E 53 (F W,
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survival probability.

survival probability
=
<

0= 5 AR ¥ 7 HRED survival probability 2K Ba 2R U7z, HEE LTk =1
DEE C IFERTERWZD, ZOMNIE kL >202—HV—IZRELZ, C;=0D21—
Y-k, BFLI— V- AL EI—Y - THELEWI AL o7z (RD), C; > 0IZR
7E U 7z survival probability %X Bb (/R U7z, @ 1 —H = RELZ—F—L h K&k (|
Dz ® DMEAP R Z 5P, TIF @< IEaw (F D),
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6. &1 —H—D triangle congregation. (a) Survival probability. (b) Triangle congregation m;
& node strength DR, (c) m; & BEAN E sell probability DEfR, (d) m; LR —ANVTFZAXY V7%
HORR,

Triangle congregation @ survival probability % X Ba (Z/R U7z, 4~ DIGEHIZK LT, @
H1—H - REL—Y —DHMITHEFRENIZR A 572, Node strength 2V/NE VW& &
(KMBb) &, B—ANVTFARXY) YV IFEEMNRKENE E (HBA) 12, triangle congregation
XK EWED D 5, EAZ sell probability & DEfRIZEHEHTHS (K Be), LU
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cycle probability
7. &1 —H'—D cycle probability. (a) Survival probability. (b) CYP; > 0 IZBRE L 7z survival
probability.

Cycle probability ® survival probability % X @a \Z/R U7z, YOOI —H—TH, K

Z2RIECYP, =0 Th-o7z (KD, CYP, =002 —F—2KR\WEHE, @1 ——i3y
DOEFEDOAEL—H — L H/NX 7% CYP;, D2 F>MEAR RS> (K @b, 2 m),
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232 A—YH—DH%E

BT TR U 72 S DRI HE D &, Fx 30T 5 12 HORHBEZERL 7,
SHEHROHMITEF 21—V - REA—Y -2l T2 Ths, F1ORMHEIL K
Bhki=10k >20P0"HTHS, H 2 DOREEIX node strength s; = 1725, > 2 H
D_METH 5, 563 DRFHEIX, si/k; T ZNX1 U EDfEZE L ZERTHZ, 40K
BEiX, EHA%R LU sell probability SP; = 122 SP; < 1 O fETH 5, 5 DREE L.
SPy = 1/(K™ 4 ko) 4 SP; > 1/(k 4+ ko) A, F78b 5 koW — 1 4 ko > | 0D AT
HB, H6ORHEIZ SP, T, THI025 1 DEDEE L 2FEHRTH L, B 7 ORHE
X, EAN X sell probability WSP; = 15 WSP; < 1 20 _fETH 5, % 8 DRHEIL.
WSP; = 1/(si® + ") 20 WSP; > 1/(si* + s¢") 2, bbb s0 =15 s > 1 9D
ThHb, H9DORHEIZ, WSP, T, ZhiZ025 10MOfEE L 2EHMTHS, H10D
REIZ, 0=V 220 Y IBEC, T, 2R 025 1 DDfEE & 2FEMTH 5,
Rk =1DEEIE, B—HNVTFARY) VIRBUTERTER Y, ZO5E, C = -1
U7z, %11 ORI, triangle congregation m; T, Z4U 025 1 DfEDfE%E & 5F
BThd, HRyu D1 DU TFO=ZMBIZU2BEbs Thiawne Sk, m; FEHETE 20,
ZDEE. my = —1& U7, 812 OFRE&EIX. cycle probability CYP; T, ZHIX 0556
1 OFDMEZE & 2EMTH S, THA v; M feedforward ZAIZE cyclic ZAIZEH D > T
WihWe ik, CYP, 3EETE RV, ZDHE, CYP,=-1&¢ L7,

IS 12 DREEEZ T RTHAL T, fictive BEO A IEL—H — %2 8L 7245 D ROC
Hifk e PR ##RZ ., X Ba, b iIZZN TR U7z, MfRIEZhZTND 100 MO S HEHHED S
DO EDITHIET %o KR 100 ADOMIFRDFIITH 5, mfRIE T > X LR FITHY S
%, ZTOMOARERBEDOSFRERIZOVWTH, K Be-h IR U7z, KBRS, S8R
RIifCThsrZ WMz sd, EEMIZIZ, AUCIKEDARIERBEIZH LTS 0.94 % k[l 572
(& ),
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R 2. DD AUC. fEH L 72 100 fHO 0 & g R 25 L 72,

Fictive

Underwear

Medicine

Weapon

12 features

ROC
PR

0.955 £ 0.011
0.949 £ 0.015

0.978 £ 0.005
0.978 £ 0.010

0.967 £ 0.009
0.967 £ 0.011

0.963 £ 0.010
0.956 £ 0.015

9 features

ROC
PR

0.941 + 0.015
0.928 £ 0.024

0.964 + 0.011
0.950 + 0.021

0.957 £ 0.011
0.948 + 0.021

0.956 £ 0.013
0.937 £ 0.026
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Il Fictive
I8 Underwear
Il Medicine

Il Weapon

0.00 0.02 0.04 0.00 0.03 0.06 0.00 0.05 0.10 0.00 0.07 0.14
9. HHER/ICHVHHED permutation importance. (a) 12 DR E, (b) 9 HOREE, (c) 10
A DR, (d) 7 HOREE, KR 100 MO EHEDOFTE2ERS, T7 —N—BEERETH L,

FERE S OSSMREOETEE . X 02k, BEEEOMAIL, SR EEETS
BLEMAEHOL A o7, M Bald. BEA—AD7z 0 OB (s;/k). 780 FAN
RrE 5 h (kont=1). 75 0 BB AN A &5 2 (590t = 1), BEA & sell probability
(WSP,) 7%, b BEAMENTHL I L2 RLTWS, FIETRADRHH L HbE
Be. INEN sk RO £, 0% £ 1, HEREED WSP; A5, 20— HF—AREL—H—
THBHILETRTHRBTHE LEZOND,
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Oa i3 F 72, ZARICED EEE (C. m. CYP) . 2BMERICR IEEB L TW»
BWZEERBLTVWS, 205 DREEDADRBAFD DRV HELELT57-H, Z
NHERWTHEEO SR ZZRTENIR, EANICIIERTHS ; DFD, BEER
BIEMIEHODTHMD DN HFOAI LD, TOAREEEZES =D, sl 12 HOREE
D5, BARIODZAY 2 AWV IEOREEDAZ W T HHEGEMEL -, FAIE
A—Y—% 5Lz Ee D ROC it e PREFFRD AUC OESfEZ, RBITRUTZ, 72
ZDrEDROCHIKEE PRiflfEZ, M IMIZR LK, IRTORKEEZHW-Z2ELD®
PHREIETA2E 0D, AUCIEZTART0.92 2BA, BiFaMiezfo7z, 2L EHVE
9 flil DR E D permutation importance . X b IZ/R U7z, HAIE 12 HORHED & &
EBEBLZERAKTH - 72H, WSP, DEZEENRL DL 72,
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10. BABEODOORAY HEFELTICHELALEEZD ROC LU PR HI#R, (a) Fictive T —%—% /340
L7z & &® ROC i, (b) Fictive 21— —% 2% L7z & D PR #hifk, (c) Underwear = —4%—% 3% L
7=& D ROC fi##. (d) Underwear 2 —H¥ —% %L 7= & &D PR ik, (e) Medicine 1 —¥ —% %L
722 E® ROC fhif, (f) Medicine 1—H—% 3L 72 & D PR ¥k, (g) Weapon 21— —% L7z &
E @ ROC Hi##, (h) Weapon 2 —¥—% %L 7- & D PR #i#R. MRIXTHZNA 100 HOHSEHRD S B
DOEDITHIET D, KFRIE 100 KOMIRD VI TH 5, RMMET v X LR BITHY T 5,
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K3 k=102 —HY—%RWEHEED AUC. 100 [HD 58NS, Ty & BHEREZ G U 7,

Fictive

Underwear

Medicine

Weapon

ROC
10 features
PR

0.925 £ 0.016
0.923 £ 0.019

0.950 £ 0.013
0.950 £ 0.018

0.954 £ 0.012
0.954 £ 0.016

0.916 £ 0.019
0.911 £ 0.023

ROC
7 features
PR

0.886 £ 0.020
0.874 + 0.027

0.921 £ 0.015
0.901 + 0.021

0.933 £ 0.014
0.928 £ 0.019

0.899 £ 0.020
0.880 £ 0.028

WHEL—YF—DOYRER L =1ThH, TNEAEL—F—TREDEHETH I HT

MPTHo7z (R, THIZLDEH/AREL—YF—DORBEMHRIZZRD, DR E (AUC
DENN) 12D oTWEhE LR, TNERHETS72H, k =1D1—¥—%2RKRn
Y 7T =R EHWTAEE T Ro7 (RD, ZORIMMZEDBEES Y IV EBEY v 7
N EMFIERBUZ IR 72728, Ty R=H 2T ) v T3 Tbkhrolz, Kb iz, 100 HD
RLDFHE/TA MY bADREZD LIT, DEHEEEREL, FEEDY (=105
ME, 5, =1D0EI0%EBWE) 0EEFAZZTHEOEED AUC 2, £BIZRLE, £/
ROC B LU PRHIfRZ, TNZTNX OB LK 2 IZR Uz, AN EITDRPR 2565
LT, FOBAETELHED AUC 2{Ro72 (£ D), ZOLEDERNBEOEEE %,
X bc, d 2R U7z, BRANEITDRP - 2GA LKL T, EEE SN2 REEICHEE D
R oL o7z,
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11. k=1 Q02— —%2FELFTICHEL & 2D ROC & U PR B, (a) Fictive 2—%F—% %L
722 &® ROC fhif, (b) Fictive —H—% L7z & D PR #lifk, (c) Underwear 2 —H—% 3L 7=
& &0 ROC #hfk, (d) Underwear 1—H—% ¥ L7z L D PR #hfk, (e) Medicine 1—%—% ¥ L 7z
& E D ROC fiifk, (f) Medicine T—¥—Z& 5L 72 & ED PR i#i##. (g) Weapon 1—¥—Z L7z & &
® ROC Hiifr, (h) Weapon T—¥%—% /38 L7 & 2D PR iR, MifRixZzhZzns 100 HOHEHBHED S B D
VD EDITRIET 5, AT 100 KROMIRD I TH 5, mfrE T v X LS BITHYET 5,
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12. ki =1 DAY —BABDO DAY FZFELTICHELLEED ROC 8L U PR Bk,

a) Fictive T—H%—2 8L 7z £ ® ROC ffift. (b) Fictive 2—H—2 DML 7z & & @ PR fif,
Underwear 12— —% 38 L7z & D ROC Hiff, (d) Underwear = —H—% %L 7= & D PR HifL,
e) Medicine 2 —%—% ¥ L7z & D ROC #if#, (f) Medicine 2 —%—%2 ¥ L7z & D PR #hifik,

g) Weapon L —H%—% 38 L7z & &D ROC iR, (h) Weapon 2 —H%—% % U7z & D PR Ei#R, AR
IZNZNN 100 HDO DD 5 5DV L DITHINT D, Kifitid 100 ROMFRDOVIITH 5, sftE T ¥ X
LIS BIZMY T 5,



24 ER

UEDESIcHEXIE, 2—F =D 512y hT—2 DFREIZ L 2582 VT, @H
A—Y - REI—F =2 Z2EWIEE (AUC ~0.95-0.98) THHTESZZ %R,
BMEAEZEZDI1ZHZ>TE, e RZ22—V—DF DD, FFEREE &Y b7 —2 D
WOABEHNZ, TOXIITUEEIE, 22—V —DHAIEFEICZ W=D, BlEl 2y b7 —
7 BROERE VS BER LD THNX, TOHNEHNTHZ7-20THD, £72.
D= —DEEARIDO DAY FOKEHREZHWTIZ, FLI—F =DM HDKEHRD A
ZHWZHBEIZEH, AUC & 0.93-0.96 L WO REZZERTE 72, 2L, LbhAdwn
BOT—RTCHHEETRIIENTELD, AV I VIZFEETIEIITENTH 5,

AW TIIDHEBDOT VTN AL LTI VELT A VAN ZMHALED, ZHIZEREN
RERTHZ, JOTNVIV) AL%EMFHLT, S50 EGEDM EE2KEZ L TES
N, ZNRSBOFETH S, TOMOBFHEL LT, SHOMEENPNELTEEZ0E2RELZL
NETFoNE, DF 0, EERF Iy b, TXEIL MEH. BRREMORIET A T4, 72
DT Ty b7 4 =L EITEA L EIZ, FAKOHRRER/L ZEVRTE LN NWS T
ThHb, FiZ, HEIFEEDODAREL - —DH v TV TEHET R >0l k> T, i
FBEOAELI—Y -T2 Z R TENE., RAOEEOAREIG 2MHT 2 DIZER)
BEEREHD S5, EETIHEE LT, BASMEOARENS 2, B—0EHEe LTEL
DTHEULIGHEOMREFTNS ZENEIT 5N 5,

2y N7 =2 %2 HWIEARERHOETHETIE. 2y N7 =27 DKM LERMEZHWZH
DERATBREMEZHWZ3 D H -7z, 3 b7 — 27 OKRB7ZRKERE & IE, H4 DTEAIC
BT 2RE2FET L0y MY — 7 2RDKEEZBRE L TEEDTH D fle LT, #Hfhk
53 [2R,81,83], B iRl [2R-30], fERERRIEIC & o TPk 5 & [34,35,01,44, 45,147,249, 60],
DI a=T A REDERES T Z 7 [PR,B2,83,86-39], k-core [40,46] 2 ENH D, ZhbH
DFFEFEHDEEEEZRET 2500, 2y VT =7 2KCHET2ERELEL T 5,
2V NI = RKRBIETH -7z D ARITHEKRT 2D TH-720T 256, TD L5 LLMk
DT —=RIIFHZL K, TO-DFHEHEED AT ERE, HAPHOIERD IEMHS 7 D
TAMIZAY 55, MOFEIIRDLYIZ, 2y N7 =2 OFFREE, 722 2 IXERPE
AN E DG E &SR [28-80,84,37, 84, 47,48, 51,62] ¥, =AM K O &R [34,51]
BREERHANWZ, 2y M7= DFEMNREEZMHHAT S LiE, FOERBTEANG R 5NN
FHHIZEHEDMT A D720, BEEIIBWT, Rty v v anza—¥F—1oxw U TERNICA
B2 ENRAEND, BAKRREICER LSS —D20HEE LT, FELEOHEIZLD
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2V NI = 2IRKOREZ AT TERP -2 03D 5, JRAFTINARERMEIZ IR TR 22 Ry
PRGBS S Z 2 IEn M2 EXE S 208 [37). LA LRI EED A% W2 AT
ETH, RS2 Z W72 FEOMRE (ROCAUC=0.880-0.986 [2R,31,34, 35,49, 60])
LAEEOMREZ TGS Z LN TE

AFFELFH U ANAY DT — R Z2HAWZEITHE TR, EMEFTIERVEE LVEFY
aA—Y— GEDF) &, HE UL RVEFI— VL2 HTHI L2 HNE LT W [62),
ZOMX 64 DFEHSIZ, 2=V —DTB T =), TATLOHMHE, —HOEAKRE
Z DMDITENZ DNV T DIFHRZE Wz, WHIIIZ, R4 lE2—F—DDL B2y T —27D
AT MIZ B H L (272U, [63] TH WSP; oz ik ffibnr), MxT, 64
E2HOSHPAERS 2B DAV E R TWADIZX LT, 4 IdRE OO A IERE %
WHRE Uz, 2y T =2 1ZBT2R/HE 2y b7 =7 DS OREEMAGDE S Z LT,
S ORLMREDOM EAEBIND 205, INHES5HBOBETH S,
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rEDES

MM EDT = ZAPEBMENTELZI LIZL > T, XHRD 5 HERPHLZ B R &
LRIFEZDEDIZDONWTDHRMDISEZ 1772 5. science of science & WX 5 73 BF A3 5
JELTETW\W5, i T, BEIHBOZ W B OB EREE U T, HIRERIZE
HINHEBIHBBEML TWE, ZOHRFHFMEOE RN RLIZL0lEL TV, EWwHHD
NEZO6ND, L, HIRERIZIKIZFEALFIHINT, H2LENSAMIIIHINS
£ 51275, delayed recognition (DR) XHk&MEIEN2 6 DEFHET 5, TEOKTEFIL
Z&BdE, ZDOXI 7% DR XENZ I K ADBOBIINTIZZR L, ZSHAFAET D I LW RBINT
W5, A BEAERFSE IAE B D B DRIz & © X D ZHD DR SCERO R D BIRME IR 72
S 2 Tlde\n, ARiFZETH % 1E. DR CEROMOBRMEE X v b7 — 2 OBUSH S T L
2o BAFYHEASBTOT— 22y Ao HIH U7z DR XXHk 300 A2 HWT, 216 DD
SIHBRR Y b7 =2 BEIOHGIHBFRA Y N E2RE L, /2. Tho RO
HRRAE L BB A E £ DT VA Lk v M &2ER. FHRIZRY b7 —2 2L, 5D
a7 572, DR Xkt Y MET v X Lxikty b e L T, 5IHBGRA Y b7 —2
TIEDRDD gAY, HE[HBRR Y MU =2 TIEORA D BmWMERA R Sz, F£7-
DR Xkt v b2 oMR U5 HBERA Y N —2%2 33 a=T112nELz 24, &
DI a=T (BT 5 CECTHS I FHEBEDFRIHN R o 7z,
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31 BA

BIEPIZHED ZH15928 © DIRFENC X - T, BIEEEE., BLUOENE £ & O/l in
DXERWHAZEEINTE Tz, TNHDOXEPERIN, B bR LICXOFALRT
(o722 o, REDXMEMWHNT 22 LT oMM EALT Z LA AHEIZZ -
T& 7z [68], 72 & ZIEROBI HBR P LFZRBRR EDN S, B2 0HDITBE T 22D
5% % 1772 5 science of science EWFIXN S E V> TETH D, WO FHM X 5 SR E
NDIGHPHRE I T WS [B],

XHRDFIHIE, TR SCR EIT B W THATS 2 3k & OB % Flik 9 5 R R LT H
%, PG TIEASCEROME R A E n e ULTHR S &, AR XA Z D51
EZEBF/LTVWD I ERHONT WS [66], #EIHENZ W CED7- & B85 HOERE L U

TiE., HKEE»SEH - 5IHI N, 20O ANBIZDEX T A0, HIZHI AN
5. EWOSBHRPEZ SNDS [6,0,67), FEEIZ. HRERICHELSIHBO Y — 2 %230 Z s
550, EHRIZSIHI KT 26D, R4 IZHEGITHBPEZ TS DR EPNRZETDH
B5IEN, BT —ZOMIZL o TRBRINT NS [HR]

LU #EITHEBDZ WO Iz, HIIRERITIFIZE A LFIHINT., HER» S A
BIZBIHIND L DI 2728 DWHFIET 5, b@JZOf&)'CFﬁﬁBJ:U“ngQCi\ 51 FHEEER D
A FITVARRFORKEZMFEST 5 LTEETH S LH X 5N, delayed recognition X
Sleeping Beauty SCik7e & L MEENEH SN T E 72 [69-73] (KRR TIE delayed recognition
(DR) SClk & W5 [7a]). SEEORHETFEDMIIC L ). DR XIRETNETER SNTE7:
LT ADEDOHNTIZIRL, ZEGHET HZLPRBINT VWS B, LrL, TOFK
BT TR T2 S TR,

XHEROBERMEZ R0l D ke LT, E5I[HAND B 6, Zhidk, H250ELDDXEAT
FIRE 0TV S XEA L ORI IE, HEIHOBERVH L L LTERINLIEDTH S, HEK
DRI D B 572 D2DXERZGIFHLTWA EWISRAEDH D 5 5720, H5|FHEKIZITEA
EEHBTAHIELNTES, LEN-T, HE57-D00CHEIOIGHBEGR (DEMA) IR
Iz, TR BF =2 BRSNS 72N EEL 5 5, 25 HBEGRE IR TH
% 5 55T DODOEREI OG5 BRI, 5IHT M0 SRR S Wz mh 6 28163 5 Z
bl = QAN

DR XHRIZBE S 258z B W TH ., G HBEROMITIFHWo N T E 72, £ o RiTifs
DEZHMIZ, 2 DR XEPEHIND E o LR o720 L DO [12-81), &2\
RO SO [ 85| 2B L Th o7z, DB 25 OB TR X N0, DR
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ke, TNEFAFZFIAIN TS D DR XHR & iE AR IRV ORFRETH -
7o £22NSOHEIE, HAD DR XEIZDOWTENETNFHEEZRFTE2HDTH -7,
U735 T, Z8 D DR PMHTE R L 512k o7z 0vb 63, 1S DR SCHk—
EDOMEIZ DOWTIE, EEMRFFEIERZZ LW,

AWF5ETIE, DR RO DOBREE 3 v b T — 27 OB ST %5, DR XHO X v
MR SRIHBGRR Y b= BLXOHGIHBEKRR Y b U — 2 2EK L, ZOME % SRR
BN SERT B, /2, TVXLEXEDOE Y MNP SEE L2y MU =27 TORER & g
$5Z2T. DRXBICFKEOMEA2CEMNIIRT Z L2 HNE T 5,
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3.2 MEEFIE

321 7—%

fifr x4t & LT, American Physical Society (APS) 2*5HUf3 L 7z, Physical Review &
G| DREGRIZ ok & NP B O SCkT — X 2 FHWZE, Z 07— X132 1893 £ 5 2016
HEETITHRE 172 596,786 KD Xk Z & A, TNENNID, XA bb, B#EMEE Tk
H. F#. sIAX2EOf®RE LD, HEREE LT, SIHBRET — &2y NNETERL
TWd, Thbb, ZOT—XHFIZEENROXEEARIIHLTVWTE, ZOHRIZFEE
INTVWARWV, T— XX 2018 4 1 FIZHF U 7z,

322 XEH Tty hDEE

B2 F LEHOXET — 22y bh S, BHTNERE T2 DR XOY Ty b2 L7,
FTT—RIZEENELED DR X6 LS 2 ERALT 72, BRATEWIEEZHWV
72 (78], ZAUEE ST U TE Z L oRE I SEHE S B T,

t

~ L
B = _— 5
; max{1,ct} (5)

CREBEIND, TIT, =222t 4 tIXTDOXAHIRE N TH S DORGEFEL (H
JRET t = 0). b FZDXERDOET L DHBI BN — 2 I1TEL 72 & EDRBER. ¢ 1F
2B 22 DOXEOWEIHBTH S, HEIHBOY -2 2 WX 5 FTHREVIFE, L
TEDOE—IPHNIFE, AaATREKRELRDE, LEF>TIDRIATHREVIFE, Z0D
XEkE DR RS LW #E 2 5hbd, Z0OAITTEM300 A0 X%, SEEHNS LT
%5 DR Xiiktzw h& U7z,

£7- DR Xkt v MEEOME 2 METT 2720, IR E 355 VXL Hkte Y b2
FlL7z, ZOMEIX, ETEA 300 ARD DR RENZT N L [FFRRE O HRE & 415 HEE
ELEOXHR 300 K%, BT —XP56 T VX LIHET 52 L Tiik o7z, ZTOHEMI— R %D
TOMDIZRLUTZ,

*2 https://journals.aps.org/datasets
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Algorithm 1 5 > & Lkt v b DR

input: set_DR_papers > DR 3CHk 300 AD+E v b
set_random_papers = (empty set) > HAEY b
least_choices = 3 > 7 ¥ & LAl ORI D TR
year_range = 10 > H il A O F 7 A
cited_range = 5 > MBI HBD T v OEFFEER ()

for DR_paper in set_DR_papers do

year DR = (the year when DR _paper was published)

cited_ DR = (the number of citations of DR_paper)

flag =0

> IR AR S B EBD 5 v 7 REFAHEPIN T, DR Xkt v M2E E e oRhlid o sk
while flag == 0 do:
set_choices = (set of papers that

was published in year DR + year_range
and was cited cited_DR =+ cited_range times
and not in set_DR_papers

and not in set_random_papers

)
if length(set_choices) > least_choices then
set_random_papers += (random choice from set_choices) > 7 VRLZOE DHIITE
flag =1
else bR NE, HEIHABO T V7DV Y ERESLTRHEL

citation_range += 5

return set_random_papers
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ZOFHE & 100 [T, 100 HOMSL U7z T v X Ak v b 2L 72,

323 v NT7—UN

RO B FHBIR S L O HBRIE, XBP D22y P =2 L LTRZZEMNTE
5, HAIFERE Y S o5 HERE KOG HBEGRO Ry hT— 2 2R L, STETERE
DfFfT 217725, BIABERD Xy b7 =213 H25HkEy MIEENL ERZTHA, 51
AT (2 ZTIREBIC, 5IHZ177% 5 TW B3R S BIH I 1T 5 SR~ D J517) -
HARLDOKETE42y NI =2 THD, 5IHBRIEE Y PR TREESEZ; 74
b, Xkt y MZEEFNRWEZSIHL TWZ 0, Xkt y MZE £ VD 5 5]
AXINTWEZDLTH, TNoDIFRITFFR LA >7z, 5IHBEFKRLRY b7 — 2 TORTEN
(XCHR) DAIREL in-degree I&, £DOXERZFIHL TWb Xy MHHOXXHEAOEIZIEY T 5, 5l
HBEZRA Y b7 —2 TOKIEM CTHR) O HIRE out-degree I&, FDXXEAFIHLTW3
Ty MO CEROBUZH Y T 5, 5IHBERA Y T — 2 TOHERERS component 1&, £ Z
IZEENIERED “THABIZAADREIET 5. MRRED 77 7 Th D, E@G T OB T
. BORZIFZBERLUA»-72; T0bb, AZIZr2b 6 ZHAMITRAEET I,
NAZEDTE NI e LT,

HEHBERO Y b7 =21k, HD Xy MIEENE kA TEA, L5 HZ2 &R - =
AfTE (HLBHOEE) DL dT251xy NI —20Thb, BLIEHLH LY MZEEND
XERZEBIHL TWAXHEkE, Xty MAADEDEEDTRTED, T Ir o5 %R
ER U 72, LRI FHBAMRIZA R v PNEICRM S E 2 ; $hbb, Xty MZEENA
WIXHR E AIRFIZEIHINTWTE, ZORBRIEEERLR» -7k, LIIHEKAY b7 —2
TOETHRDEMAL UIRE degree 1%, & XXHROILF| FHBIMRIZ D 5 XEROBUZHH Y T 5, H
AN ERE node strength [64] 12, A XHER DG HEEBE OB Y 5, 2y T —2H
DFIZDEN o HAWEIR, 2 Ia=T ¢ LIFEN D 0,00, SEIEAY b7 —20Da
32274 AOREH (BFEANEDII =T IZET20DFHE) 2, EVaI7VT1L
NS EE2HERILST DI ETHRD [MLRG, EVa2I VT« QIET X L7msE &g
LnEORES 2RI ET,

c

c
Q= Z(eii - (Z €ij)’) (6)

j
CEEIND, TIT,. CRII2=T D e l3AIa=T 1 IIETHHREII2
=T 4 JITBT BHRE DR SDEADHD, RREODEADHNIIHN T 2HETH S, QX
005 1 OMOMEEIY, KEWEFEZDII 2T A ~NODRENEETHD L ERT,
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EVaI YT 1 ORAEIZIE Louvain &% Wz R, I I a=7 1 SEEEROFEM & U
T, BRINZED 2T Y T4 QDEDMMIZ, mixing 237 p W B8], ZHIFEZL
53Ia=7 4 2EKRTHBDEETHY,

Mext

p= % > wi (7)

CEHZEINDE, TIT, M IZELZ3I 22T« HOKOBE. W0 &EARDF,
WP IERREZII 2 =T A MO i DEATH S, ZOEINNIWIFE, 3Ia=F 1
BWZpHE N TWB I 2RT,
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3.3 R

33.1 X@ktzyv NOEKXKE=E

AT D TR THEEL 7230k v b OHIRE LB HBRO DA%, TN [3a, b 12K
U7z. R#RIE DR ikt v MZHIGT 5, MfRIEENZNA100 HD T > X Lk v b
DI>LDOVEDIIRIRT 5, HAREIZDOWTIZ, DR LY & HARTT U X ASHRE Y
N RRH L W HIZEF->TWiz (X EBa), 5 HBO NG T, 5 A
ROV DOAMETIFIE—HLTVWEEDD, #HAIHBENZ WS TIEPRIXS DV T W\
(M @m@3b), ZNSHETOENEIHZHDD, FE L@ D HRE - 51 HE L B IZFRBRED
DR Xkt Y b & TV XAty b 2RELETE T,

Xty O BAIT DA%, B EBellRmU7z, DRy M eHigRL T, IV & A
Xkt Y b TIERE D B DIEIXIER NS oz, ikt v b DFIHEO 2 4%, X 13d
R U7z, R ZER TR o220 hb 53, DR Xkt Yy bD AT > & Lk
Ty M & DB AP EADE S iz,
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X 13. Xkt y bOEXFHEE, AKX DR UL Yy MxIG T 5, MifREZ 2N 100 O T > & LS
Bty DI BEDOEDITHIGT B, (a) HIMED I, (b) #5] FHED survival probability. (¢)B 237 D

survival probability. (d) 5[H%®D survival probability.
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a b
10} 109}
-1 I
10 1071}
> 10—2 I
= - 1077} |
3 15 15
é; in-degree
S c d
S5 s [
(2}
-1 I
10 10—1 -
1072 '
. _107%¢ A —
0 5 10 15 1 5 10 15
out-degree

14. B|ABEGRR Y T =0 TORED M, KL DR Xkt Yy MWt d 5, #MifRIEEnZhas 100 fHo
FURLXERE Y FDIBEDOEDIINIET B, (a) RIHAD AIRID survival probability. (b) AKEL =0
DIHR & FR W72 ATRELD survival probability. (c¢) £TH/ D HIRED survival probability. (d) HikE = 0 @
TE A& R 72 BIREL D survival probability.

3.3.2 BIABEFRRY NT—0DEE

RIHTHR7Z B0, DR XBIZRAEOMEZHFHET 2 DICE B LR 7232 v b2
ETEREEZONDTZD, TNH kY DD 512y NT =T DN 21778572, 1l
HBfRA Y b T — 2 TOXBRDO ARE D%, M @alZxU7, DRXEEY hTIE F v
R LSk v bR LT, STEA CUR) O ARBUI/N S WEAB R SNz, £72, AR
B =00DHFL DR XY FTEEDP o7, I TARE = 0 DHEMAZRWI5E O
M7z R 5728, %O survival probability X @b (2R L7z, ULRLUERDS, TRTOIEA
EEDIGE EMEMIIED S h o7z, HIREOGES, Ak TH -7 (K e, d).
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FIABGRAR Y T — 2 TOEERS OB %, K HBallR_L7z, DR Xty bTIE v~
R LXHRE Y b AR THEEE RS OB LD > 72, DR Xkt v b TR = 0 DRSZ L
ZEMEZ WA (K @a, ¢), X Ea TIEZNSMNIESSE O L DOEEERS & U THA S
nNTW3, TZTENSEZRVWEOAZK MEh 2R Lz, LEL, $RTOELAEZZD
L& L IEHFIEE D S 78r o T,

BHIER D OBEDO %, M Me 2Lz, DRXEEY F& S v XLty b &
T, FHHEAER D DBEEICHHE AT R SN 5 7z, KEEER D OTEMER L KO BFRZ.
MEd IZR L7z, 22T, 100D T v & A3kt y NIRRT, §XTOEy b ToH
FEMDZE O THRUZ, BEOSHE —HUT, HERANEIXR SN N2 D
D, DR Xkt Y b TIET VX LSCHE Y b EEEART, &Ko OB S W AR
L7z,

UEzEZEETBHEL, DREE Y SO 25[HERA Y b7 —2 Tl HEARLEAKE
IR AR T, NZTEMZRDNSVE L E0IZHNTVWE 2 WS RN E X 51
%, $7xbbH, DRXEEY NOBIHBKRR Y N7 =27 TOREODE X, TV XL LEL
THELBRWZ EWRB I N7z,
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network density # of nodes
15. BIEEFARY h7— 0 COBBRSICET 2 RBHE. (2) MEHEH O, (b) ML Z B 72
%3 OB, OUIKIE DR Bkt Y MIHIET 5, BOTEIZS ¥ X L3HE Y Mt d %, (c) Mmoo
S5 E D survival probability. A&#iZ DR XXkt v MZRHGET 5, MERIEZNZENA 100 (HD T > & L Sk
Y FDSBEDVEDIINIGT D, (d) HAEKD DEABE B OAMR, O UIEIE DR Xkt v b TO&EE;
AT B, HIEFNZTNDT VX LA HEZ Yy b TORERER D IZIET 5,

o1



K4, HBIARGRRXY N7 —JICB T 2RAEERDDTERI, HREEEIICEINDIHELAOK L, TOM
ZHEOXHkEY bOEERLT,

TH R v MK

DR ikt v b 298 1

295 6

296 10

T VR LXHERE Y b 297 10
298 28

299 21

300 19

333 HEIAEFExRY hT—7DHEE

DR Xkt v b B XU T v XLty b2 SEKRL LB HBEKRA Y T -2 TO, &
REFER T O ERDIIR Lz, EB6DXHEY FTH, RIEF 300D S BIFEAED
THEPO L DDHEER D 2R L7z, T TIREFNSRAEMES (1I2EXTNDHTEN) 2
BHroxge Ul 206128 ENROIERIEEN 2 S bz, E5[HBGRS Y N7 —2 TOE
AL LI L AT EIRBD 5 %Z2, ZTNZE 0K [Ba, b IZR U7z, EALR UIRBD 5 I,
DR Xkt y b & 7 v XLk y b & THREED?. DR XEE Y 23R X/NI Ve WS
2R 6N (K MMa), U UEAMN SR (L5IHORE) OBE. DR Rty MEJ
VELXERE Y b EHARTRELRREE D 2MEAP R o (K MEh), 37445 DR SRR
oy M, HOEAZZET S L, EEIHBEGRRY b7 —=218WT T VXL XHEY &
DHIMFETDNWT NS Z ARSI Nz, ERIEHGI AEERO S HE2 RS &, DR X
Mty hTT U XLty hEDERED -7 (K Ee),
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O\
iy, N

=
® el | WY EEPPETTT BT —
S 102 10° 10' 10° 10°
a c degree node strength
©
2 100
-
>
7))

1071
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d An Approximate Quantum Theory of the Antiferromagnetic 1952 211.219
Ground State

d Ferromagnetism in a Narrow, Almost Half-Filled s Band 1966 206.23

d Magnetic and Crystallographic Properties of Substituted 1958 184.484
Yttrium-TIron Garnet, 3Y203-xM203-(5 — x)Fe203

d Theory of the Structure of Ferromagnetic Domains in Films 1946 178.315
and Small Particles

d Theory of Spin-Wave Interactions in Ferro- and Antiferromag- 1960 176.306
netism

d Anisotropy of the Magnetoelectric Effect in Cr203 1961 175.717

d Field Dependence of the Intrinsic Domain Magnetization of a 1940 172.101
Ferromagnet

d Physical Theory of Ferromagnetic Domains 1949 172.064

d Antiferromagnetism. The Triangular Ising Net 1950 170.627

d Ordering and Antiferromagnetism in Ferrites 1956 166.926

d Role of Anisotropic Exchange Interactions in Determining the 1980 165.92
Properties of Spin-Glasses

d The Spin-Wave Theory of Antiferromagnetics 1952 164.362

d Ferromagnetic Resonance in Nickel Ferrite Between One and 1955 156.621
Two Kilomegacycles

d Single-Particle Excitations in Magnetic Insulators 1970 149.773

d Effect of magnon-phonon thermal relaxation on heat transport 1977 147.192
by magnons

d Interaction of Spin Waves and Ultrasonic Waves in Ferromag- 1958 145.067
netic Crystals

d Magnetostatic Modes in Ferromagnetic Resonance 1957 141.619

d Excitation of Spin Waves in a Ferromagnet by a Uniform rf 1958 139.181
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Upper Bound on the Magnetoelectric Susceptibility
Theory of Ferromagnetism and the Ordering of Electronic En-

ergy Levels

Dielectric Properties of Lead Zirconate

Polarization Effects in the Magnetic Elastic Scattering of Slow

Neutrons

1968
1962

1951
1963

138.233
136.139

135.698
133.979
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e Broken Symmetries and the Masses of Gauge Bosons 1964 393.044

e Global Conservation Laws and Massless Particles 1964 363.042

e Broken Symmetry and the Mass of Gauge Vector Mesons 1964 350.404

e Equilibrium parity-violating current in a magnetic field 1980 334.962

e Selection Rules for the Dematerialization of a Particle into Two 1950 278.734
Photons

e Elementary Particle Theory of Composite Particles 1963 267.671

e Collision of Two Light Quanta 1934 263.472

e The Positive Electron 1933 262.747

e Nature of the High Energy Particles of Penetrating Radiation 1934 254.621
and Status of Tonization and Radiation Formulae

e End to the Cosmic-Ray Spectrum? 1966 251.671

e On Transition Probabilities in Double Beta-Disintegration 1939 225.487

e Evidence That the Deuteron Is Not an Elementary Particle 1965 224.083

e Neutrino masses, mixings, and oscillations in SU(2) x U(1) 1980 221.453
models of electroweak interactions

e Majorana Neutrinos and the Production of the Right-Handed 1983 215.663
Charged Gauge Boson

e An Identity in Quantum Electrodynamics 1950 214.878

e Plasmons, Gauge Invariance, and Mass 1963 208.85

e Evidence for the Formation of Positronium in Gases 1951 204.06

e Diagonal neutral currents 1977 202.168

e Erratum: Lepton number as the fourth ”color” 1975 201.425

e Resonant Scattering of Antineutrinos 1960 193.01

e Bremsstrahlung and Pair Production in Condensed Media at 1956 191.589
High Energies

e Spontaneously Growing Transverse Waves in a Plasma Due to 1959 190.582
an Anisotropic Velocity Distribution

e Molecular Charmonium: A New Spectroscopy? 1977 184.674

e Symmetry breaking and scalar bosons 1976 181.577

e Model Calculation for the Y0*(1405) Resonance State 1967 180.533

e Lorentz Noninvariance of the Complex-Ghost Relativistic Field 1971 177.0
Theory

e Pattern of symmetry breaking with two Higgs doublets 1978 174.189

e Theory of u-Meson Decay with the Hypothesis of Nonconser- 1957 168.667
vation of Parity

e Neutrino masses in SU(2) ® U(1) theories 1980 166.091

e Gauge Dependence of the Wave-Function Renormalization 1959 161.553
Constant in Quantum Electrodynamics

e Binding Energy of the Positronium Molecule 1947 157.842

e On Gauge Invariance and Vacuum Polarization 1951 155.702
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Observables for the Analysis of Event Shapes in e+e — Anni-
hilation and Other Processes

On Bound States and Scattering in Positron Theory
Structure of Phenomenological Lagrangians. 11

Quantum Electrodynamics on Null Planes and Applications to
Lasers

Bremsstrahlung, Synchrotron Radiation, and Compton Scat-
tering of High-Energy Electrons Traversing Dilute Gases
Asymptotic Behavior of Non-Abelian Gauge Theories to Two-
Loop Order

On a Theory of Particles with Half-Integral Spin

On the Classical Radiation of Accelerated Electrons
Multiquark baryons and the MIT bag model

Erratum: Compton scattering. II. Differential cross sections
and left-right asymmetry

On the Possibility of Electric Dipole Moments for Elementary
Particles and Nuclei

Gravitational and Electromagnetic Mass in the Born-Infeld

Electrodynamics

1978

1951

1969

1971

1970

1974

1941

1949

1979

1975

1950

1935

155.518

150.988

149.474

146.69

146.225

145.772

140.75

137.45

136.798

136.5

135.899

135.632
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f Quantum statistical mechanics in a closed system 1991 439.226

f Chaos and quantum thermalization 1994 334.727

f Oxides Which Show a Metal-to-Insulator Transition at the Neel 1959 310.554
Temperature

f Interactions and the Anderson transition 1980 283.911

f Information Theory and Statistical Mechanics 1957 256.688

f Statistical Mechanics of the XY Model. 1 1970 232.877

f Statistical Mechanics of the XY Model. II. Spin-Correlation 1971 214.853
Functions

f Absence of Diffusion in Certain Random Lattices 1958 205.618

f Metal-Insulator Transition 1968 165.125

83



Ia=54 XA Db ks B
g Hard Superconductivity: Theory of the Motion of Abrikosov 1964 387.081
Flux Lines
g Magnetization of Hard Superconductors 1962 377.054
g Magnetization of High-Field Superconductors 1964 328.585
g Theory of Flux Creep in Hard Superconductors 1962 258.222
g Surface Barrier in Type-II Superconductors 1964 236.894
g Flux Creep in Type-II Superconductors 1969 214.115
g Theory of the Motion of Vortices in Superconductors 1965 142.991
g Inertial Mass of a Moving Fluxoid 1965 136.305
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h On Massive Neutron Cores 1939 587.444

h Static Solutions of Einstein’s Field Equations for Spheres of 1939 541.632
Fluid

h Can Gravitation Have a Finite Range? 1972 466.064

h Relativistic Equations for Adiabatic, Spherically Symmetric 1964 291.893
Gravitational Collapse

h The Influence of the Expansion of Space on the Gravitation 1945 288.625
Fields Surrounding the Individual Stars

h On the Weight of Heat and Thermal Equilibrium in General 1930 261.305
Relativity

h The Particle Problem in the General Theory of Relativity 1935 229.759

h Klein-Gordon Geon 1968 228.459

h On the Problem of the Entropy of the Universe as a Whole 1931 226.0

h Systems of Self-Gravitating Particles in General Relativity and 1969 216.136
the Concept of an Equation of State

h Temperature Equilibrium in a Static Gravitational Field 1930 205.268

h An Undulatory Theory of the Mechanics of Atoms and 1926 202.806
Molecules

h Axisymmetric Black Hole Has Only Two Degrees of Freedom 1971 201.446

h Gravitational Radiation from Point Masses in a Keplerian Or- 1963 193.09
bit

h Infrared Photons and Gravitons 1965 184.373

h Asymptotic Symmetries in Gravitational Theory 1962 181.549

h Extraction of Energy and Charge from a Black Hole 1973 180.63

h Gravitational Radiation and the Motion of Two Point Masses 1964 175.456

h On Continued Gravitational Contraction 1939 173.709

h Review of a Generalized Electrodynamics 1948 171.266

h Low-Energy Theorem for Graviton Scattering 1968 166.783

h Gravitational Collapse and Space-Time Singularities 1965 165.893

h Canonical Variables for General Relativity 1960 163.55

h Gravitational Field of a Spinning Mass as an Example of Al- 1963 160.694
gebraically Special Metrics

h Corrections and Additional Remarks to our Paper: The In- 1946 158.299
fluence of the Expansion of Space on the Gravitation Fields
Surrounding the Individual Stars

h Klein-Gordon equation and rotating black holes 1980 157.016

h Covariant Conservation Laws in General Relativity 1959 156.991

h f-Dominance of Gravity 1971 156.441

h Black hole in a uniform magnetic field 1974 152.433

h A Generalized Electrodynamics Part II—Quantum 1944 151.208

h Interaction of Neutrinos and Gravitational Fields 1957 148.157
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Gravitational Radiation from Colliding Black Holes
Renormalization of higher-derivative quantum gravity
Dynamical Structure and Definition of Energy in General Rel-
ativity

Equations of State of Elements Based on the Generalized
Fermi-Thomas Theory

Effective Potential for Even-Parity Regge-Wheeler Gravita-
tional Perturbation Equations

A Generalized Electrodynamics Part I—Non-Quantum
Reality of the Schwarzschild Singularity

Extension of the Low Soft-Photon Theorem

1971
1977
1959

1949

1970

1942

1968
1968

147.926
147.854
147.254

143.794

143.038

141.277

140.302
137.239
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Resonance Absorption by Nuclear Magnetic Moments in a Solid
On the Process of Space Quantization

A Molecular Beam Resonance Method with Separated Oscil-
lating Fields

Theory of Diffraction by Small Holes

Space Quantization in a Gyrating Magnetic Field
Proceedings of the American Physical Society

Phase Transition in the Dicke Model of Superradiance
Coherence in Spontaneous Radiation Processes

The Influence of Retardation on the London-van der Waals
Forces

Effects of Diffusion on Free Precession in Nuclear Magnetic
Resonance Experiments

Anomalous Diffraction Gratings

Double Stern-Gerlach Experiment and Related Collision Phe-
nomena

Proceedings of the American Physical Society

Visible Light from Localized Surface Charges Moving across a
Grating

Van der Waals forces and zero-point energy for dielectric and
permeable materials

Polarization of Nuclei in Metals

Low field electron-nuclear spin coupling in gallium arsenide un-
der optical pumping conditions

On Nonadiabatic Processes in Inhomogeneous Fields

Spin Echoes

The Polarizabilities of Tons from Spectra

Multiphoton Process Observed in the Interaction of Microwave
Fields with the Tunneling between Superconductor Films
Magnetic Resonance for Nonrotating Fields

Steady States and Quasienergies of a Quantum-Mechanical
System in an Oscillating Field

Quantum Theory of Radiation

Stark Effect in Rapidly Varying Fields

1946
1936
1950

1944
1937
1946
1973
1954
1948

1954

1935
1932

1946
1953

1974

1953
1977

1937
1950
1933
1963

1940
1973

1932
1955

511.628
442.346
365.367

362.424
355.034
288.181
266.834
246.553
242.82

231.147

218.967
218.452

175.175
175.082

170.343

163.93
159.314

159.171
156.809
152.874
152.528

149.157
148.222

146.373
136.541

87



dIa=7+4

X4 bV

HiRE B

J

[ S P

Interaction between the d-Shells in the Transition Metals.
II. Ferromagnetic Compounds of Manganese with Perovskite
Structure

Considerations on Double Exchange

Neutron Diffraction Study of the Magnetic Properties of the
Series of Perovskite-Type Compounds [(1 — x)La, xCa]MnO3
Effects of Double Exchange in Magnetic Crystals

Theory of the Role of Covalence in the Perovskite-Type Man-
ganites [La, M(IT)]MnO3

Finite Elastic Strain of Cubic Crystals

Interaction Between the d Shells in the Transition Metals
Antiferromagnetism. Theory of Superexchange Interaction
Relationship Between Crystal Symmetry and Magnetic Prop-
erties of Tonic Compounds Containing Mn3+

Criterion for Ferromagnetism from Observations of Magnetic
Isotherms

The Dirac Vector Model in Complex Spectra

First-Order Localized-Electron < Collective-Electron Transi-
tion in LaCoO3

Coherent-Potential Approximation for a Nonoverlapping-
Muffin-Tin-Potential Model of Random Substitutional Alloys

1951

1955

1955

1960
1955

1947
1951
1950
1961

1957

1934
1967

1972

1790.892

1347.705

1105.974

892.117
819.383

428.107
328.283
270.868
157.209

155.553

152.57
152.297

145.431
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k Can Quantum-Mechanical Description of Physical Reality Be 1935 1392.824
Considered Complete?

k The Uncertainty Principle 1929 753.772

k Quantized Space-Time 1947 467.331

k Proposed Experiment to Test Local Hidden-Variable Theories 1969 439.364

k A Suggested Interpretation of the Quantum Theory in Terms 1952 305.016
of "Hidden” Variables. I

k Can Quantum-Mechanical Description of Physical Reality be 1935 273.984
Considered Complete?

k On the Problem of Hidden Variables in Quantum Mechanics 1966 241.888

k A Suggested Interpretation of the Quantum Theory in Terms 1952 240.264
of "Hidden” Variables. 11

k On the Quantum Correction For Thermodynamic Equilibrium 1932 230.243

k On the Analogy Between Classical and Quantum Mechanics 1945 214.258

k Hidden-Variable Example Based upon Data Rejection 1970 201.943

k Hidden Variables, Joint Probability, and the Bell Inequalities 1982 181.41

k Stochastic Dynamics of Quantum-Mechanical Systems 1961 158.826

k Charge Superselection Rule 1967 152.705

k Equivalence of Semiclassical and Quantum Mechanical De- 1963 142.738
scriptions of Statistical Light Beams

k On Dissipative Systems and Related Variational Principles 1931 139.317

89



dIa=7+4

X4 bV

HiRE B

—_ — — —

—_ e e

Instability of Electrified Liquid Surfaces

Quantum Mechanics and Radioactive Disintegration

The Calculation of Errors by the Method of Least Squares
An Attempt to Calculate the Number of Energy Levels of a
Heavy Nucleus

Diatomic Molecules According to the Wave Mechanics. II. Vi-
brational Levels

On the Displacement of Corresponding Energy Levels of C13
and N13

Interpretation of Some of the Excited States of 4n Self-
Conjugate Nuclei
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