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I

FAPHEE 80 /1% (Molecular Dynamics: MD) I8 1 2 5t RR RGO FiE L LT, MHAMH
T 2R T 2R L CRERT 571 TH % Verlet Diitz) A b ik (Verlet Neighbor List: VNL %) &
Vol (Cell Linked List: CLL ¥E) 136K 6 K S HvwoiTw s, AimXTldli# zflAatbte
7oA 77 v FieFiE (VNL-CLL &%) 2L L, Z2DmEhoTEIC O W THERTw5, VNLEEA v
FA7PREDDURELRY A M EREZRITEE, 20®PNICIHEET 2060 1% Y A MBS, %
MD A7 v 7T EILZDY A MCEENDEFRT L OMAFHZFRT 2 HETH 2. 2 2 TIEIRFRC
EPRERBIC K > TEMT 27208 AT v 7HICY A P ZHEF L 2T U 5w, — IS 2 O
BEIZ 10 A7y 7REICEET 2 2 L23% 08, VR PEBEIWICERT 2 FE2RHAT2 2 LIk
RREOEEZX2 2 L3 TE S, ZOBWEHRO VNL LTI, GRS AT 4 (R, RE, %,
Ay bA7HE) ICNLCGHEa A M 2REE T2 ) 2 MEEBH ZEMERET TP > TR, X
5 7% 2 E@EALD 7o DITIEH T X — SR OB D ThH 5, —F, CLLIETIEFEOMRE LT
W REERE ADIA Y P A 7HRED BDTRIRCKE VAR VICHEIT 5, Zduc & Ok EHA
ERE, ECeVMICET 2R, b LSRR VICET 2R HEICIREI NS, BET 22 10%
FRoNTED (2K T 81, 3XKILT 26 i), MHAMHOEZ KIFISHS T2 LKL, S5tk
WATEIR RIS, KOt L7ze v Z2Hvs 2 Eick> TERERZ RS T, Zuc X b ek
O CLL & L HRT, GHROM#E L EZX 2 2 L TE 5. I OFRBPMbN L L oEE & mEn, HAME
H (5 b oA 72P88) 239 ICHRBEREN CH 2 8MAD X 9 RIS L TR ELRIHDH 5. VNL IEITE W
THIE SR TRRICE D Y X P Z2EEET 228, 2423 O(N?) OFfa A 2832, L Lass
5, YA FMEHFIC CLL 2 HOOGEFR FREREZ T2 2 LIk ) 2R a X F &2 O(N?) 226 O(N)
FTHINT 2 EDTES, TOFH%E VNL-CLL i W85, Aiff%ETld VNL-CLL #12&8\>T Verlet
DiEEY) A N EH OB P 2 L 3Bl 2 H e, SHFREFEO 2 LT A X (B 5 I3 Loy B KA
RIS L, 7, Y A MICNT 2BWEHOFIEELEAL, VNLIEORRICHEDIE,
APERFHEIO U 2 LRI E 2 GRS A7 & (B8, I, B, Ay A 78R8) 22163, RN
CHER L7z, 2 ofER, FHEREZRAMET 250872 U R PR, LY A XOMAAREDLEDEIEY AT
LIZHKAET 22 ERBL, 625N ED7HIZY R PP, LY A XDRELO FiEE L 7.
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E
Res

b

718 %#% (Molecular Dynamics: MD %) (3€ ¥ 7 Z1v aik (Monte Carlo: MC i) &850
2L —varvOFEO—DOTHLE. MCHERININV =T rhs, ROREBEZEBT ZRLY v o1
IHE 9 B FRLIE 2 Bl R TRk, PHEHREBICE T 28RO D ) = ANV ZRHET 2 FIETH
%, Zaucxf L, MD @3S N2 BEiE s L b HEE O R FER 2 KD 5. Z D7z O BePHnikiE
ICE T 2B ARIED D TRAL, JFT - o FOBEINEEICOWTH HEHLERZG 2 HETH 5.
oI, MGDd 2 &) BIFFEHRBICE T 2R FRICOVTH I aL—2av2fT) LB TE ST
HD3d 5, AETIZET, MD EOMEICOWTHINT 5 [1-4].

1.1 B FHEEEER

MD e MC ¥, EB62MWTHTYIalb—yavy2THIic LTy, ki< fHAEm %
T B, A A AN < 3% 2 R EAEH (A7 > > %)L, pair potential) IZ k> Tk G
n, wmAALSHCHMAZBERLA AV RICHLTOHveNS, L, iz b o0 F2E2 0T 3#F
N, AT ERL RS,

BERPYm THIHEWIIRIR N RFRORT vy v VI3 V¥ —% Uy({r;}) L EHLSFICT S, rldi
BHORFDHERZ FLTHD, {r;} ZTXRTORTDOPEEZ G2 THO TIRE 2B TH 2% 21

r/o

1.1 Lennard-Jones(LJ) A7 ¥ v)b : LI A7 ¥ vob, REIGFRNE, #EREEI0EE2ET.
1



¥, 22T, FATEIEERE r 12D MR B Y 2 (R A/E AR 7 > 2 v )L (pair potential) & ¢(r) &
TN, ERT VY LI RLF—

~N({ri) qus (|r; — (1.1)

i=1 i#j

Ths REBEL T —m v IRaBIBEDPETONS, FE1/21& (6, j) 7% 2HICHZALHE
ZHiCTDDbDTHE, RTF vy VIR LX— Uy 206, i ZHBFIC@L 1%z

OUxN
81“1

0p(rij)
-2 Z a;]

L 9p(ri;) 805(@2)
Z [ or; or;

F=— (1.2)

_ Z d(b(?“z]) r,—Ty
oy dT’ij Tij
EEZBILEINTES, 2IT, (ri—ry)/ri; &, jRFD2S i KiFICih ) AR FLzRLTw5
2R T vy v LOREH L LT Lennard-Jones(L)) £ 7 ¥ > ¥ V2K 1.1 IR, LI A7 v v
X, 7VIVeXt /) VREDHETADT 7 TIVT—NVANINTL2RT oYL e LTHesN

o) =ae (1)~ (7)'] i

E5Z06N%, elZRT VI VEITHY, o N TFERTH S, B 1HEIIFNHE, F2HIZ5INHET
HDID, r<o TREATVYIYLVDOLYMPABRTH TN E, I THETLZ7—mrRXTrori
R CIER IR 2 BEE ©H 2. RN < 71,
_ _ _do(r)r _ 24e [ o\ oNT| T
F=-V¢(r) = - [2() ()]r (1.4)

dr r o T

&5,

LI X7 vy vk EOMBERMHAER T, —MBICh 1 RIBEREARFER O 3 5FRIEICZ% 5 & 2 Dl
HEEFIZABICNS S Db, 22T, YIalb—avoiabhy b2 73328 EL. 21 kD
HHICH LR EOMICE IR RicT s, ShEMEFEAOA Y FA 78 0H, Zuckbh, A b
F7HENICEENLVETOR T L OMEFEAZFIRE LR TH RO A2, 26200y MF 7%
WICEEN B2 HET 5 oI h RO EIENETH 2, 2 F VIR L L O TRIBEEE (b
2R R7) DFEIC O(N?) OFHHaAF2ELTLE) ., ZOFHEIR 2 ON?) 25 O(N)

WARIK T 270 3) AL E LT, BN FORBFIEDO L OPREIN TV S, RIFEICEBWTIEIO
IR FRRTFIRICE R Z M T T 3,



1.2 EEAREAOHERSD

MERHET > YL ¢(r) Z LI KT vy LICk>TEZ N TR % ET, =a— b v OiEH)
TR )
d’r  F(1)
@ m (15)
2RISR C 5EDI MD 5T H 5. FEMMNARBUEFH RIS T, B 8 2 B ik b i
52 E0%n, ZOHDV L DD Verlet D753 [1-5] LI 5, 3 (1.5) ZRHIZIA At ITxf LT 2

RGO TH S, Rt + At Lt — At BT 2K TOMEr(t+AL) 274 7 —BHT 3 L,

r(t + At) = r(t) + Ato(t) + (A;)QF;S) +O((At)?) (1.6)
r@—Aﬂ:r@%wMMﬂ+@%V§£)+Omﬂf) (1.7)
235, WA EEEZ LD L

r(t+ At) +r(t — At) = 2r(t) + (At)QF;S) + O((At)*) (1.8)
r(t + At) — r(t — At) = 2Atw(t) + O((At)?) (1.9)

LD, Wit + At ITBITBA0EE ¢t ITBT 53
r@—kAﬂ::QTU)—r@——Aw—+LAﬂ2€£Q+49«Aﬂ4) (1.10)
v(t) = 2Aﬁf@+¢ﬁ)—ﬂt—Aw}+O«Aﬂ) (1.11)

ThHZ6N%, Tt Verlet DEZRTH S, Kl t+ At IZB T 200EEZ KD 5121%, 2200KHl ¢ &
t— At TOMEDBKETH 2, PVIGHEZMELEETEZ 2L, t = At IZBT 2008 r(AL) 1350 1.7
oRE S, Ik r(0) 25 r(2AL) ZEHHEL, X (1.11) £, HE v(At) BRSNS, :@%E/\ﬁi%
MR (At — —A) I LT TH D, HEDRTZZEZ 5 LRI 7Bl 2 dim Z i
K. X (1L.11) ofkb b IcHER

UG+§ﬁ=1;vu+Aw—mm (1.12)

(&) (e 2) 4 2RO 0

LEEmAIONG, Ihk, R (L12) & r(t+ AL KoL TR

THEZ23E, A (1.10) &

dt

r(t + At) = r(t) + Atv <t + 2> (1.14)

ZHAGOE DD, K {fHibirs Verlet DEEBKTY (Verlet’s leap frog) ¥ TdH 5 [1-5]. X (1.13) T
WNSHEEZBIEL, KK (1.14) THEOHEFT 2179 .
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X 1.2 FMEBEREAEOWAN  hROKODLLIHAL L, FADLLEA A= E2EL T
5. HALVE L=V ThE L, V BEHHAOLHITS 2.

1.3 [HARSREH

Yalb—vavzeBlh)ROMERZHNLE, WHORKDOMWEHLDH, £ilid o oy s N
(S 7)) DIREEZ DD, BB \VIE 2 DDMHDILAREL DD E, WRETZ2RDEPILT VLB RVLUTIE
U CHRSGMEZRE L BT UER 6w,

BHEZD LI H 108 Mok F2 IO 2 Lid, BEORFHOI VY E2L—F2b5>TLTHT YT
)L CPU T 10* ~ 10%, MEFIGHRIC X D ~ 10° HRELRATH H, FHEEARTETH 2. 101 ~ 106 @
BEOK FEOY I 2L —ya yTIERMIC X 2EREETH Y, BonhrHT L7 oWE %
a2 eEPvIal—vavilBWTEMELELRS, 22T, WLZ7D¥ S aLb—a w5 AW
B (Periodic Boundary Condition) I22WTEMT 2, K120 Kk )Ig, SR AT L% 2y, 2
HHNZZNZIUSHE DR LR, DTOEGE2EET 2 2 L AMERSMAETH D, hROE LI
L=V oK), MADXLEAX—CRIVERR, 22TV 3Rl TH 2. FAUBERSEETIE
DN ORBEEIN TS,

o HIMADK FHHIRY A RO EL VICHUAD SNT02 EEZ S, HEL L ORI, Y
ISR HOME D k5, A, B, FR, FAAHRE T 5.

o HZRITHMEHIFEIC X DEBIL, MEEER, HMOA A =T LBk UL (K120
BHY), FEBEDA X — D b b 0K T SN B,

o KITOMEMMICBIL THRNBREZ ZEA LT IUEES RV, 4 A—CRAEEALLELTY,
SEICFIL 7 DRIAENZ TR THAS = E250 %9 (2, JHIT - shadow K T4 & Tt



LR T7DOMHEEHDOAZEZEET 20813 H 5, ZHIHAERZEIE LY A D00 L 2
ATHy FTHHFHICHY L, minimum image convention &WEEIL TV 5,

PLE3on&b2HE L, FERLEDOD LIGHEZ2ETT5, Zuck ), PhvkirHor S a
L—ya vy TNV oW EZMB T2 2 E3ulge & 0%, ol RSl LTz, REHER, BhiER
nEND S,

1.4 HEBEHHFOEFEER

MDY 2alb—yavho, SRACET 20 FOME r(t) 8 X CHE v;(t) BB 0s. DUTFT
(R T SRS W TR OALE - D 515 5 N A REN LGB EEOFHETEICB L TEL
% [6-9).

(a) TRILF—
B R B IR &, BT RV F—

£ (333 alr = )+ (3 Jo 119

i=1 i#£j i=1
FRES NS, DF D, PMEHEES (NVE 7V H v 70L) 23R L0032 Lics, 2I2T(--)
7 Uy TNV F 2 ERRPEE 2R L Tv» B,
(b) BE
B 5N BT 2 BRI 2 RS T(¢) 1E, BT 2L X —55

N
1
T(t) = 2 1.16
1) = 57y 2™ (1.16)

ERDZHEPTES, DFD, TEANF-EFENRADOFRTH 2. S5 IHTRCEHZ 2 CEE
B RDECPEIRABICEDE L 72 & & ROIREE BRI 72050 T (¢) DR 6

17
T =(T(t)) = Jim — /0 T(t)dt (1.17)
DEYTRDEND, TIT () RIS 2 FMEZ &5 2 E2RRL TWw 5,

(c) EAH
1% Virial DEBUCHEDWTEHEIN S, £7, « FHANFIBROEENSZIT 5 1% W,;, fii
DRAD 6 DD % Fy £ 3UF

d2 T
m- = Fi+ W, (1.18)

OEF AR D D, ZOMLDOEEE i FHKNTOMEXZ ML e, EOWNEEE ED, KR
oz Es, r,-F, OHEIZ

T d2’l‘i d’l"i T T d’l’i dTi
;- dt = |r; - — - —dt 1.19
jﬂ TS [r dt]() ]ﬁ at at (1.19)

DEHTHIETEITH &, FHAFE1LEHD r; - v; BTEEORIATHROMEZ S, Lo Tr
THl>Tr >0 ETNIFHA S, RTORFITH L THIZ &N,

N 2 N
<Z %m <(Z;> > :—% <Z7‘z(Fz+Wz)> (1.20)
45— =1

i=1 t




Ei%h, ZITHAAGER L 2L X —ORRMEETH D, 5T, A EIT Clausiu iIZ Xk 5T
LA S 7z Virial TH 3. ROMEH T 2 )L ¥ —ORFFREE A Virdal ICFE LW E2RTID
BIfR1Z Virial 0 @B EMEIZN S, 512, TR LX—E50HI 5

N N
<Z)fw»::%N@T—<Z},E> (1.21)

t
ETHIENTE, AL SZF 21D Virial TH %, ZHEHES P LEKROT NS, o
0, i HHKFORMOBEICUTT G W, ThH 505, TRXTORTHEER OB 72 b
ICKIETHDEBIENTH B, BECAENY L r OEBEEZE IS 2 L0, 2 o5 S Hhr
R 7 b v &3 3UE, BEAZHEEE dS 32T 5 FE D H1E PndS TH S, L3> T Gauss D
EMAE o

N
<§:n.ua>::/ﬁ%prd5:—3pv (1.22)
=1 t s

ThHs., LoTHENEF

N
NkgT 1
P = — L F .
% -+m/<Z;n E>t (1.23)
N
NkgT 1
-V 37 <;7‘ ' leN({n})>t (1.24)

ELTCGHAET 258 TE 5.

EES A

1 oDk ZHl & L IAbD R DALIE DR A 2 2 T RS & U CEIBE MBI H 5. JH
(r=0) ICKTDD 5 & EFHE (r,r + dr) OERBRNICD B KT OVEEZ dn(r) LB L,

% & BhEE A BB & 1% N

=y
DEIRTHIEN TV S, ZITp 3 BEETH 5. I OEIPE AT BIBUIIR ARG D EFIIIEE 2 51~
2HEEL LD, g(r) 3 r 200 Tyg(r)=1L,%2 X)) ICBRLI N, FRUREREICLD r—0
Ty(r)=0¢%k%, %/, ZOBFESMEEZACTROIZNVX —, EHZFHET 5 2 &5
BETHb, WHLrLX—%

dn(r) = pg(r)dmr2dr, (1.25)

E =E"94 E= (1.26)

D & 9 I HARH LIS 5, 2 2 CEAUHIR

E“::gNkBT (1.27)
T X
B = Un({rah) = 1~ [ Un({ra)) exp(-Un({ra)fraT)ar® (129
Thh., it
ZN»::j/expp-UN({rgq/szvdrN (1.29)

SRR EIIEN S, IR 2L ¥ — 0B BRI o (r) % VT

N

= 27zp goo o(r)g(r)ridr (1.30)



ELThHhobI 2. HIER (1.24) kb, K (1.28) LFAkDEZED 5

P 2mp .3
d 1.31
pkpT 3kBTg/ o " (1.31)

EHOEDLTIENTES,

1.5 FRXOEMEHE

STy T alL—vavitBO TR » 2D, KFEHEEH (X7 vy v VT2 X —%0
D) O TH L, LI RT v Dk 2 MMHAEHTT S, FrHlEoiHRIC O(N?) ot
RHaxbbZ2ELCLE). THIMEOTER, HEOHP R ED O(N) OFtHa A X LEETH 3.
REBTAT LI A ZXDRICH LT, Hifkc O(N?) OFtHEZIT) 2L BBRDaryEa -7 5—=
VAR TLTHHENTR Y, KRXOHWIE, FHEEZIA LT 25 7D O THREY A 7L

TV RLZRET S LI :,%h%h@%&%rﬁ%?%ﬁ&%% LT 2HTH 5.

KX TIE 2 DDOR TR FIEZ A GDE 72 VNL-CLL 2 EBEL Tw3, Z0EKIZY A FOF)
IEEFT D FikZ w7~V L DY A ik (Verlet Neighbor List: VNL %) & & L4387 (Cell Linked
List: CLL %) 2267% %, 56122 ® CLL EICiEe ¥ A4 X %2R L 72 gy £ L 53 #1i% (Exclusive
CLL ¥#%) #8M L7, VNLE - CLL #RICiE 2 2NN - Rid d 5. VNL HEIGEAMICE R 2 2 b
% O(N) IKET 2 2 L3 CELRHEDBH 0, BATy 7121 E O(N?) OFIHa A M2 2%
P9 Rmid3d 5. CLL HE Y R FHEFTOBIEN L HIC O(N) ORI A MUEHT 22 L8 TEL—
JiT, VNLIEEHIL VA MR L TEB AN T EDBL ENRETH 5. RIFRICE W THBUC BT
L7z VNL-CLL /3 VNL 7 + CLL i FEOf 2 A GOE 2 I LICk > T, ZNETNDOREE T
MRL T\ B KE LRSS 2.

KX DRI T D) TH %, F2FTIE VNLEE ZN %2 I SIIFELZY A FOBWEETOF
HEHENT S, BEI3IETIE VNLELRBICESHVWSNZ FHETH S CLL s, L EELdMint
WaEREICH L, 7T AL ERELOTTEZHNT 5. £, WET 287 X =S {KEFEORE, &
RO Z{T> 7. 4TI VNL L, CLLEOMFE O N2 M AA b2 VNL-CLL k% 24
L, ZOR#EMFIED 7O OFHEIRHIC A § 2 50l % hTiic 5 2 2. 8 5 mCIEfamelR s, F
7o, Folft S AL (VNL %, ) A FEERIE VNL %, CLL %, Exclusive CLL ¥, VNL-CLL
) ICB L CEHEAR 7 4 —<w v AD K 2T - 72,

%8, AT CPUL a7ilRE2E ML, SEEN FRRFIEOREICO>VTHRE L Tws, A
RIICIZ LI A7 ¥ v, FBEREZEEZHOCTNVE 703y 70ob E TR LA, SFiEEDIC
100,000 A7y 7O L a— FZ & ) FHRIREZGHI L 72, BARARERAR I RRI AR v ¥ — DR
BEMEALZ, M TOE) Th 3.

Fujitsu PRIMERGY RX300 S7

CPU: Intel Xeon E5-2690

Memory: 8GB

Compiler: 4 > 7V (R) 64 i A 71 (R) C 22834 53— XE (£ v 7V (R) 64 M7 7Y
F—varvil), N— a3 15.0.2.164 E)LF 20150121 (C) 1985-2015 Intel Corporation.

E7o, KX ORIRIIFITW S 2R, RS o, Bim, K 7= \/mo?/kpT, T3V ¥—¢ &
,7,



e/kp L LTHEXILLL TH SO T, KEAA At 1, 0.0057 & L CEHHEZITL .



B2E

NILL DEEY A ME

2.1 =

Ay bATHRE roge ICE D, ZRNENDRLZNRE 1 < row ISHFET ZRF & LA Z L 22w,
WHE O MEEPCHEETH UL, Z O

Teut 4
47rp/ drr?g(r) ~ gwprg’ut (2.1)
0

TiHiigh s, SZITHEEp=10D0%%2%E2 5. LI X7y v )L THERICHV2 Ay b4 748%
Teut = 2.5 & TIUSHAMEM T 2R FEUIE % 200 HFRETH D, Z2EDKLTFE (1000 KL FLLEEH
Z25) LR EMHTHR, 22T, FRFICOWTH oL OMERRAZ T 2817, H250iE
KU A P2 T CEFEEHE IR M 2MAZ 208 TEL LI NS, EBICIEN 2.1 TEIND
X912, Ay b 7FREDD LM SKIN = 10 — Tewt Xl TEE, ZOHICEENLHTDA v
Ty 7 AZEANCHEE L TEL., ZOFEERLLOEHEY A F ik (Verlet Neighbor List: VNL #) &
5 [10,11]. 4 BAAZDOY A FDIEROFHE 2 A M id O(N?) TH 2205, ZOEFHEL 10 AT v 7
IZ1E, H2»IE100 27y ZFIC 1 EAEDE I TP R TERITRE L, EEITIZRRIFEREIC X ) kT

2.1 VL oigEEY A Mk (VNL) OBEEE @ SKIN = Tiigy — Teuts Teus (&8 Y B 7, g
VR PERERT, KERIEREOERFOEREY A MRS Tw R FThHD, AT Y 7Y
A+ ZEACTHEAZEET 2 2 RS, AR TIZY A DS TTE D, FEOLNEDMR
W TH B,

_ 9 _



EREICHE L T DT, HLREFEMEAZERIC, ZOVAN2EHT 08D, 2 DT
Y R P OHEIFH» S HTL EHHTICY A MEFH2TORTIULZR S 2w, VR FOEHEZERITIE, MHAE
FDFE R M O(N?) 26 O(N) IEIHT 2 2 EWEETH %, FRORRICK 202 L A EBEIL %
WX BRICHL TRY A PEFOHEEZ DL T 2RVAETH D VNL IEIZIEFEICHIRNTH 2, ¥
ICE ZFER TR A L GEB L T2 X9 RIRERISN L TIRBEEICY A P 2EH L 27 ud% o
T, HE VIR TIEZR N,

VNL JEIC B 2008 Y A~ OERICBT 25%4# % % Algorithml (2777, THDOICY A %
JRT BHER OB T OREZMRTET 5. ZHUIBICV A NOEFDOY A SV TR RET L OICHE L %
2. BRI, BAT Y 7, SRTFOEMNEZGRLZNSSKIN/2 Z B2 TLE) LV A FEZEHTS
V) T ERBEDIRT GBI L TEBICHIIT 2). RIS, Ay bA 7R ro &0 P LREVLE
& Thist = rews + SKIN 23T TEE, 20hcEENZR T2 Y X MREL T L, point[i] 1 i FH
DR EMHEEHRT 2 jKiFDA v 7y 7 205 A MR OMEH D S5 AU X Wiz R L Twd,
L3> T, i HHDK D VNL IZJE L T 2MFS5 j Rif-13 list[i] @ i = pointi] 25 point[i+1] - 1

TRINOGENTWE I LIRS, 2L T, YVAFZMHHLTHZIET 2HEICIE Algorithm2 DFRIC
FTIUZR ., RBICHTFES jRTOA v 7y 7 2205 list] | 2> 6 SR UMAER 25T 5.

YA OEPMFEE 10 A7y 772 EICBEEL T, ROEHE TR A 26 REH L 2855
WA T 2R OSBRI > TL S WEHEBIEGEST 2. 22 CTHEAT v 7, VA ZHEL
KR & DRI FOENZFIHRL, Z2h0h 2BEZBEACLES76 Y A FEZBEHTIUE, ZHUckhH
HAEMT 2K OMSRZH CHNTE, »OoZOEHMEZRARICNH AR LR S, DF0D, Y
A+ ORI E FANCEE T 2080 % ks, TOFEEE Y A P OBER LS [12-14]. Y A b
FHEFTOMIEIX Algorithm3 1278 L 72,

22T, BEICBIL TEET S, K2.2() IKRT LI IR0 2 00k FOMBICEHT 2, Zhs 2
DDRTFIIHVCDEHE) A MG EFNA->TWSE, 22T, T16 2 ODRTFHH I AT NICHEE v

Algorithm 1 Make the Verlet Neighbor List

2: for i=0 to NumParticle do

3 rx0[i] « rx[i]
4:  ryO[i] < ry[i]
5:  rz0][i] < rz[i]
6: end for

N

: =====Make the Verlet Neighbor List.=====
8: (int)nlist < 0

9: for i=0 to NumParticle - 1 do

10:  point[i] < nlist + 1

11:  for j=i+1 to NumParticle do

12: calculate r;;

13: if r;; < mis¢ then
14: nlist < nlist + 1
15: list[nlist] < j

16: if 7i5 < Tcut then
17: calculate force
18: end if

19: end if

20: end for

21: end for

22: point[N-1] < nlist + 1

,10,



Algorithm 2 Use the Verlet Neighbor List
1: for i=0 to NumParticle - 1 do

20 Jbegin ¢ point|i]

31 jend ¢ point[i+1] -1

4:  nlist < point][i]

5: if jbegin <= Jend then

6: for jnab = Jbegin tO jend dO

7 j < list[jpap]

8: calculate 7;;

9: if Tij < Tcut then
10: calculate force
11: end if
12: end for
13: end if
14: end for

TEREMGER) L 72 LIET 2 L, n AT v 7HROMVERBLGMORICKR S, X 2.2(b) TRERTFIZH
DY) A+ OHIFH» ST LE>TwS, ZORKR T ZNZNEH) L 7 i i

v x ndt = SKIN/2 (2.2)

LAME T kS, OF Y, KTAEMASKIN/2 Ik Y X P Z2EFTIUTR Y, ZORE
FEBOLR T RO MD GIRICEWTIRIZIFRI D 22w, ¥ ol FI3EAOR T & B \VIcHzE L
B, WAHRANGERERES 2 ERI D AR 0hrsTHhDE. Led->T, MToZhsBiiE SKIN/2 2
HMACTLESZLYAFZHET T2 L VIARENZYUTHLHELZEKL TV 3,

Dl Eodin 6, VNLEOHEE Algorithmd O X ) 1c% %, ATy 7, VA LMZHEHT 20E60
Frv 7L, HHT250FV A 2HEET2 LHICHZEHETS, HEHlLavao YA M2H0TH
ZATET 2RO TE S,

(b) t = tg + ndt (ZB %k A,

(a) t =t BT 2K FRLE.
2.2 Verlet Neighbor List criterion : (a)t = to IZEWT, BREOKTFIEZNZIGEEY A M T
ZAELTHD, HWIZYAMZEENA>TVS, (b)n AT v 7RG L 728, RERFIIHVOE
BY 2 P o IROHT

— 11 —



Algorithm 3 Check update of the Verlet Neighbor List

: dispmx < 0

: for i=0 to NumParticle do
dispmx  max ( | rx[i] - rx0[i] | , dispmx)
dispmx  max ( | ry[i] - ryO[i] | , dispmx)
dispmx - max (| rzli] - rz0[i] | , dispmx)
dispmx < /3.0 dispmx

end for

if dispmx > SKIN / 2 then
Make the Verlet Neighbor List

end if

© PN TR

H
@

Algorithm 4 the Verlet Neighbor List

2: for step = 0 to nstep do
3:  move r(t) — r(t+dt) and v(t) — v(t+dt/2)
Check update of the VNL
if Need update of the VNL then

Make the VNL and calculate force O(N?)
else

Use the VNL and calculate force O(N)
end if
10:  move v(t+dt/2) — v(t+dt)
11: end for

2.2 SKIN(Y R M#E) OFiE(L
A (2.2) kb, VA FEFOLME

SKIN
2

max |r(to + ndt) — r(to)| > (2.3)

tEEZons, Z2CTn ZEHERE, dt 32 —r a vORZAZRLTWS, t =1t D
RFOLED & DB 2 BRI L TBAT Yy 73HE L TR E, 209 b nd 1A TbEMD
SKIN/2 %#BZTLEH)EVANREHTE I EICAS, Wdo X 91z, HHRFE n (387 0HEBE) 2 fE
v, DF DBIICET B, ko T, HEHRIE 0 ZIRE T, B p, KTBN, 7y bA 7258 rog IS
WFET LIRS,

WEn+1 ATy TORBEZETTLIL2ERZS, COLE n ATy 7OMIZY A FZ2fH (O(N))
L, n+1 A7y 7HIZY A b ZEHT 2 220K (O(N?) 29 5DT, 20O, HAFHDEE
ICHET B R RTIY IC

1 N-—1 n Tlist
Tynt, = =N 4 drr? -1 2.4
VNL 2 7-f[714—1—i_714—1<7rp/0 rrg(r) >] ( )

L, HobFILENTES, ZITrp BHENFR7OFHRICET 2 HifZIHETH S, B 1HIZY A R
TEHTIC T 2R, 55 2 ) A MEAICEE T 22 R L T B,

VNLIEIZH LT F X =% (U R PE) 2§ 27:012, YA P PR g 25 AT LZREL T
WBIRT A= (N, T,p,Teut) 25 RS 20MEEZ 2. K (2.3) 26, SKIN ZEFHE n &H 14

5 RS 2 HSTE 5D T,
SKIN = 2n(z) (2.5)
_ ]_2 _



LUk, 22T, (r) BRDEVHEEEI L SKIN/2 22 2K TORKEMEH DL T3,
CIT(x) ZEDK ) ICFHITT 20 EHEE 4%, FTHOICEZASGNDS Z LIE, AHURE D 5K
A= Nilp ZREH 2L THB. 2D, () ~Ip &L, TTTIp=vVDit LwHEMTHS. L
LB D Ip I, IHOBREL SREMIT N IZRIA T —VTHD, VAP FEFE rig =25 ~5.01C
R 2 LIFFICRAAREYTH S, 22T, WORI A7 — VEREAT 2 720 O AT Iy, 25
A%, FOWMET 906, T3V X—F5EH Imo? = 3kpT (3 XIt) 2 M\ THEHEE (v) 23T
HORMO 2HATES, ZHUTED, X DEYIREM (2) ~ Ly DSHREE 2D, Ly, = (0)0t & T U &
V. L L AR s 2 Fa TR, SFEEE (v) ok CEEZERT 2RO D TIREL, 2R
DD SIS ROHEEE L 2B 0 “RREN” 2RO BUEH SR\, 2 2 TRTO “RREN %

3kpT
m

() ~ cot (2.6)

&L, BE cld Maxwell DO HF Tl bR 235720 ¢ =3.0 £ 35, X 2.3 138744 1,000,
10,000, 100,000 ® 32D A F MMHHT 2 MENFDORERZR L TV 3,
RIZE DY b7 o, KFoofiz FEEETEMT S, 2%0, gr)=1¢%tL,

Tlist 7,3
/ drr?g(r) ~ st (2.7)
0 3
ERBERTH S, ZUTED, 1RTDn+1 ATy 7T 25 HERHRIZ
TvNL 1 n 1 4
FoNL = 5 NIV =) n+1+n+1N—1[3Wm
1 n 1 4
= — 2 3.1 2.8
n+1+n+1N—1[:sp(r“““r n(z)) } (28)

TRl 2 H2 ARG L 725 [15]. AUE 1 EE n+1 A7y 7HICEY A M 2HHT2HE2 KL T
D, H2MHIEn ATy 7OR, B ryg OEREO VNL ZiHT 2B L T0 5, YA~ OBRYEH
DFEEZRAT ST, X (2.2) 26WHS 2 L ) ITHFINE n 13V A b ryg 5 \01% SKIN I

10 . : ;
A N = 1,000 0
9 gugﬂ N = 10,000 A
o R N = 100,000 o
8o °©
7 0
o S]
6 & &
=5 ° .
a
O
4 2 2
A
3 A
DDD O
2 D u@
1 gﬁ al
0 nesat®d 888,
-4 -2 0 2 4
V

2.3 K7HED ¢ YO NH 1 T = 0.772, p=0.8 £ LT N = 1,000, 10,000, 100,000 & 10
27y THEOEHESHOEREZH oL LTS, HRIZZ XV F—E5FA 6 BES - - HE

V3ksT /m, %ML 3\/3ksT/m%EHo6bT.
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#AF$ 5. SKIN BSRZ UL, 2RI EHHEZE NS TE 525, —HT, £2H%ZH SKIN 3
REVHTZOPIZE TN LR TFE

4

Tlist
47T,0/ drrig(r) ~ gwprﬁst (2.9)
0

LZTLE). LED>T, ON2) DY RAMEHIZIEEAEL AL TH %208, VANEM
MALTEATy 7HAEFHZRET 2RISR T 28034 %30T, ON) (IEMIZIE O(N x
VR MCEENTOBEEERT)) OV A MMERICEHRERE2Y 22> T L £ 9. #i12 SKIN 2N 1T duUgH
BIZY A PEFEIT>TCLEY, O(N?) OFH I A F2REZHOTLE 9. Miafl<d s SKIN =0

100 ‘ ‘
N=1000 ©
N =10,000 =2
N =100,000 o
— 10 o
E iy OOO
gﬁ N ® S0l
I e
g :‘:A )OOOQQOOOO( Wx
1 N [ S A
0 A’AAA MA&AM . 0 O
\ AAAAA.A . AAAAAAM E‘:‘:[j pEBEEEE
& . jjjjjjjjjj
Dﬂjﬂ[ﬂjﬂ:ﬂjjjjj
01lg 1 > 3 4 5 6
SKIN =Tjig - Feut
() AT LA X (KITH0) Sttt
! p=05 O T=05 O
p=08 & T=10 & 5000090
p=10 o© T=20 o© 009°°
8 [oXS)
z z = caaannt]
.y = = A
g 3 Wr@/ﬁx _g égégg@ _g / /DDDD[
= AN T~ = o = o
) o X iijj/‘x e Aﬁﬁﬁ/ﬂ/ ;JZ%&E%? agall 88 N ey -
Ubggopgad =Rl reut=25 0O
rcut=3.5 A
rcut=4.5 o
015 05 I 15 2 Olg 05 I 15 2 Olg 05 1 15 2
SKIN SKIN SKIN
(b) AP (c) TEEHAFE (d) By b 7R

2.4 FIEFFE O SKIN ¥ A RV : Mk S aL—y 3 vofif%, HiEk (2.8) 22hEh
KL TWw5, (a) Y AT LA XA, (b) BN, (c) MERANE, (d) Ay b4 7 FRIKAE
ZRGE L 7. GHRREZ RMET 2808 ) A R (SKIN 3 A R) ES AT L9 4 R, HE, WRE,
By b A 7HRIHAFT B, SKIN 94 Z%2/NE L LB LY X NEH (O(N?)) OBEIHA, 5o
A+ %2ET 2, SKIN A4 X2 K& T2 LSRN A, BHER FBOL— 7GR a X P 2%
3 5.

_ ]_4 _



DIFEIHEA Ty 7HIZY A P 2T 2RIk %, £/, SKIN —» L ORTIES 2T A 2kDk 103
VAMCEENDZ ECED, VRAMZBALLZELTH ON?) OFMHEaAMZELTCLEY). 20K

71,

SKIN & BHFHHEIZ A IC P L — FA 7 OBfRICH D, GHRIRHZREE T2 SKIN ORED LT

E3INns,

X (28) DR LY T aL—va vtk B 2ZK 24(a)~(d) IR T, ¥ TaL—vavIiEFLIRTV
> ¥ )L CTNVE 7 v 4% ¥ 7)L% 100,000 A7 v 717> 72, fitllig 1K 1& 72 0 I1c B9 2 FHER R, Al
SKIN TH 5. &7 X—=FIIWHT KB TOL)ICEF L DN S,

(a) TR

(b)

WET = 0772, BEp=08, AY bF 7B rey =25 L, YATLAYA X (RFEH)N =
1,000, 10,000,100,000 D 3 2DRICH L I 2L —2 av&2ffo7, ¥ 32l —3aryoiil,
FIRER 2 Rfl 32 SKIN ¥4 REZ N ZND T AT L% A4 R LT, SKIN = 0.50(N =
1,000), 1.16(N = 10,000),6.30(N = 100,000) TH 2. n+1 AT v 7T I HEHD AT v
7°Ci3 VNL 313 O(N?) OG5 a A P29, BEHFETIE ON) 255 2 LnTE 570,
KB 2 % & 2 DRIRIZIEZ TR 5. o T, RTEDA B 1Pk, R3_Y R MEP%
LS (BEHRIRE n 25K E W28 S ax b 2% T2 L8 TE3eE26N%, D% 0,
RSBt U CHEBINE n 23T 72012, o SKIN ZKEL &5,
BEMKTEFLE
B8N = 1,000, ET =0772, 2y b7 % ree =25 &L, %E p=0.50.8,1.0
DIODRICNL I aLb—varziTok, SHEKRZREL T2% SKIN 4 XiFZnZh,
SKIN = 0.80(p = 0.5),0.60(p = 0.8),0.50(p = 1.0) TH 3. HEEIFY 2 P& EN DR THIC
BIfRT 5. WA, EFEECTHIULY A MBI 2HEMEAAT7OBUINS D, GHEaA b
T35, £, EREEICR 2 IO FHBEIT 2 FHMTEPRS RS, Zuckd, 209
EUFRT2Y A L O#iFs S IR 2, HEIC O(N?) OEF2T>TLES. LEhisT,
BN 2 & < L2 iasat BRI L35, 207k, REEARIZ ERE SKIN K E W,
BEKFY
K4 N = 1,000, % p=0.8, #v b 7P ro =25 &L, MHE T = 0.500,1.000,2.000
DIODRICKNLY I 2L —varziTok, FHHEIKRZRE L T2 SKIN ¥4 XiZZNnZ 1,
SKIN = 0.40(T = 0.5),0.50(T = 1.0),0.70(T = 2.0) TH 3. WEIR FOHEEIKET 5. >
AT L DIREDE I ER T OMEEIIHI L, ZaUpERi T3 2 b o@D S H 2 B S B
T5, ZOOMENEHORTIE, RA2XCHEFHEFE R Z2RECL, VA2 L) EIBufE) 7%
JinSEtBEENRB R 5720, SKIN ZRKRE - AR,
hy M AT EREKEFGE
B8 N = 1,000, #E T = 1.000, %E p=08 L, Zv b4 75 ree = 2.5,3.5,4.5
DIODDRIINLYIalb—vavzitof, iMEREZEREEL T% SKIN ¥4 XFZNZ 0,
SKIN = 0.60(reu; = 2.5),0.40 (reus = 3.5),0.30 (rews = 4.5) TH 5. B v b 7EEBAE VIF
E, Ay A 7BREBENICE FNAHEHZET 2 70803% k5. 2%h, YVAMIH
ENZRTRT7THEL LD (ON x VA MCEENTOLBER ) ). WZadl% b g,
Ay WA TEEDBY AT LD LOES EHEL WA, VA MIFIC X 25Ea X M O(N?) &
HoTLE). 2D, Ay bA7EEIREL R BICON, VA MEHICK 2RI R FOFSL
EAIICIZANE K e B, IS, Ay MA 7 ERAVNS LT Y AT LRI R T 2 MM
_ ]_5 _



FEEITNZI VDT, BB A MEHZ LZWIE)DIRBE G, 2070, Hy I 7550
INEWIE E R SKIN 1Z K&\,

M 2.4(a)~(d) iIcB VT, SKINDRE L 2522, X (2.8) DR ET I 2L — 3 v ORERICENIE
CTwaZe&Bbrs, ZHUIX (26) 128V Te=3.0 ¢RELAZLICERT S, TDc=3.0IF%
ICEEN TR FDRRENZ HES 270D EE L TR L ZETd o7, KFEBEIN$ %1
v, H 2 ATy 7ITB TS Maxwell 4 128 T 3/3kpT/m % L8] 28 % K5O R 1 H3(A(E T 5 Gl
Hix, WTBDLOHBRE G (HI1Z1F 100,000 K7D 9 B 3,/3kpT/m % L2 HE% & DR 1% FLiH
FHEHE AT 1/100,000 TH % £ T % &, 100,000 K -RTidfEA T v 7° 10,000 KR Tid 10 A7 v 712 1
[, 2D X9 mHEERORFEZBMT 22 L1274 3), c VNS FIUERKEEZEZ b ORI TFOHEBELD D
HOHER B NS LIRET2FICAR 2, D% D, ERID SQEHHEL L2 LRELTLE) L
27z, LEdsoT, SKIN 25K E W TIHMERIZs S 2L —va ViERE D KERfEZ &5, Ll
56, X (2.8) KB TRLEKLH 5 DIE, FHERMZR/IMLT 2 RiE % SKIN ORETH 205,
c=3.0%LTH N €[1000,100,000] D> AT LH A ZK L CdH3 s 2 FET 2 ENTE 3,
%8, VNLIEIZBWTIZY A FEFOBEORR FRROGE I A O(N?) SR VR 2L bld,
FERA&Y AT L4 X (N > 100,000) 126 L CTEAV S5 2 ik,

,16,



BI3E

EILRELE

3.1 =

HELD 7DD ) D EDDAETEE LT, FHRRZ DS Loy DN LTT R MIZTEIT 5
FeEZD, BE Leen 2 Tout < Leen 272 X HIGES T & T, MFHOMHAMEMIFAL 2 VIZET
R, b U IEBEE e VICE T 2R FIICIRES NS, K3 1IRT L9, BT 2L oBUIR
LENTWVDE 2RILES 8D, 3XIAES 261l) 2 &6, RELRRZRTHIIMHAFEHDOEZ KIEIZIS
TIENTES, ZDHEE R LFHEHIE (Cell Linked List: CLL %) EWES [10,11). 202 how)Lic
BT 2R FOBUIHER (B4 100 K FRE) Th 2006, MHAMFAICET 25M5ERIE O(N) 12 % 5
BCTESL, DET 2L AT LBEGETHIUT I E L LVHEHRE R 208, 20D LD—U
DRI ey KD HRLTIUT L0,

3XILRICEIT B CLL T, 2T XEEEL LV 2EET %1213 Algorithmb DXk I 2B Ik,
B VOREEEZ vy EV 7 LIRS, 2 2 THO T 3B icell(ix, iy, iz) DFFfllZ Algorithm6
WKWRLTWS, ZIZT3X3DLVDHFLDOELAL YTy 7 A% imap £T% (K3.2). 512

—>
Lcell > Teut

3.1 el (CLL) OBERM ¢ Leen 132V D—LDRE, rew dA Y M4 7¥ERZ ZNENE
LTw3, BHEefNfidhRokae VIZELTED, HAEHDREO ST 2 I3 L <
WAHBEILICEFN TS,
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Algorithm 5 Create the maps of the cell list (Cell Index)
1: int ix, iy, iz
2: int imap, mapsize, maps[mapsize]
3:int M (Y AT LRy 7 A—AD5rEE)
4: mapsize = 13 * M * M * M (13 ZA OS2 L E, M*M*M &> 27 L DL IIVE)
5: ===== Initialize the array of the map =====
6: for imap = 0 to mapsize do
7:  map[imap] < 0
8: end for
9: ===== create the maps of the cell list =====
10: for iz=0 to M do
11:  for iy=0 to M do

12: for ix=0 to M do

13: imap < ( icellNo(ix, iy, iz) ) * 13;

14: map| imap + 1 | < icellNo( ix+1,1y ,iz );
15: map[ imap + 2 | « icellNo( ix+1, iy+1, iz );
16: map[ imap + 3 | « icellNo( ix ,iy+1,iz );
17: map[ imap + 4 | « icellNo( ix-1, iy+1, iz );
18: map[ imap + 5 | « icellNo( ix+1, iy , iz-1);
19: map[ imap + 6 | + icellNo( ix+1, iy+1, iz-1);

]
[ ]
[ ]
[ ]
=
20: map| imap + 7 ] < icellNo( ix , iy+1, iz-1);
21: map[ imap + 8 ]
[ ]
[ ]
[ ]
[ ]
[ ]

+ icellNo( ix- 1, iy+1, iz-1);
22: map[ imap + 9 | « icellNo( ix+1, iy , iz+1);
23: map[ imap + 10 | + icellNo( ix+1, iy+1, iz+1);
24: map[ imap + 11 | + icellNo( ix , iy+1, iz+1);
25: map[ imap + 12 | + icellNo( ix-1, iy+1, iz+1);
26: map[ imap + 13 | « icellNo( ix ,iy ,iz+1);
27: end fo
28: end for
29: end for

Algorithm 6 function icellNo(ix, iy, iz): Return the Index of the Cell
1: int ix, iy, iz
2: int icellNo
3:int M (Y AT LRy 7 A-—AD5rEE)
4: icellNo + mod(ix + M, M)
+ mod(iy + M, M) * M
+ mod(iz + M, M) * M * M  (mod(a, b) IZ a % b THl>7-R D ZiKT)
5: return(icellNo)

D imap 25 HAPHICEEE L 22 v DA v 7 v 7 A% imap+1 55 imap+13 £ THI DR S,
PHICBEEZ L 722 v id 26 & 2 28, KT HIMAEEREER - KEM OB 6K 3.2 1R &9 12,
Neel = (3x3x3—-1)/2=13HDABWTEIUT L\, 22T Neeyg BBV EES, %0, il
Sl map[ | ICBEEEC VDA Ty 7 ZZMOAATITC, 2Oy EVZICEbbEAAGEaX 2%
T30, “HEYHTEEFTTHIDORFNEDRNVICET 203E A2 308 d iz, MD % Bk
THRNCH 6L DT> TEITIF X0,

RIZ, EAT Y TICBWTEIEIN R FOMEBE L ZUIHIE L7z V A ¥ Ty 7 A imap &Y ¥ 7
S, L2 VDo KT XT 2R ET % (Algorithm?7), CZTHEE L, ¥ AT7240—l% [—-L/2,
L)2] 56 [0, 1] ICEBEHL Ci KT OMEZEMNL, ZI006NET 2LV A YTy 7 R icell Zike
TWB I EILHERET S, VA v Ty 7 Ricell IK&EN S i Ki+ZHBLH headicell](1Z U 13 0 ik
ENT0D) 26 listi] £ LTRET 2. Z2OXICi KiTFDA >~ 5 v 7 A% head[icell] 12 EE AL T
1<, SNZEBYIRT I ETCLLIKICE T2 Y A fgdﬁ‘fé%%ﬁ?“%. TR k91T, TOfEEIC



imap + 11

¥V
imap + 10
imap + 12 /
4
imap + 13| imap + 9 imap + 2
imap + 4
imap 3
imap | /imap + 1 imap + 6
imap + 8 |
imap {7 /
y
imap + 5 /

X

3.2 BigErlo~wy Er s ROV imap BEBMT 3@E L DA Ty 7 A% imap+1 »
5 imap+13 £ TEI VRS, ERAKMEMADOERD &SI VI3 RO AR %ZE D B TIUT R,

0123 4 position: 0 34567809 10

, : 1 2
56 789  (10%.. @ | | head21=8
10111213 14 'I 2 ’ head: 108 jistig) =7

I I TR @ @ list: 1120347689
.............. | VA

2021|2223 |24 .e list[11==1 Ilist[4] ='l\/|ist[7]=4

3.4 head Bi%l, list BLFID Y v 7 & D&
: position2 @& )LIZlE head[2] =8, D% H 8
FBOKTHHEII A>TV S, 3612 list[8] = 7,
DF D 8 FNTDRIE T /B NT DA T3, list
BeA2-1 2R EF TNz IRT,

X33 fE:xnrAfr7Fy 7 Aicell £ k1A
Ty IALIDY Y7 %2R LTS, itdl headlicell]
ZHOTENVICEENTOIRTA YT Y I A1D
R EZRL, KA YTy 7215 5E list]i]
ZHOBTRIZNE LTV AR FA YTy 7 A%S
HLTwl,

FEAT Y 7 ON) OFIEaA 28T 2, ) v 7RO BENLEKT %2 3.3, 34177, 11,
VA VT 7 A6 head| | ZHWWT, 2VICEENIROKREVA VT v 7 R ERORT% 2
T2, B2ICRITNS VA Ty 7 AR ok 2 0 list] | Z I TSR 2, Tnzhikd el
0, BTl ZRTHEE L TRDRANE ZOE¥EZBITT 2. B4, K34 T, LAV
Ty 27 A206 head[2] =8, DED 2DLNVICEENIROBRNELRA VT v 7 AZKOR T8 7LD
D5, TIh6, list§] =7 THBIEHE, DK TORIFTA2SIML, ZOXRIF4, 1, -1 LwokE
ATHB, VA MBHOBMAWNZR T L) X L% Algorithm8 IR L T3,

Algorithm5 25 Algorithm8 I[ZHE5%, 2FEDO7LVITY X L% E L5 E Algorithm9 D X 9 I
%%, DEDEATy 7 THAEFMNZIET 2RI VO~ v E Y 7 2{TOR T OILE & 2V OfERT
VY7 LeNEBRET).
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Algorithm 7 Link the Particle Index to the Cell Index

: int icell, i, j

int M (¥ AT LAy 7 ZA—1DIEIE)

double Systemsize (¥ AT LD—UDEX)

: double cellsize (£ VD—HDE X)

. cellsize +— Systemsize / (double)M

: if cellsize < rcut then

Error: Cell size is too small for cutoff radius.

: end if

: for i=0 to NumParticle do

dmyrxi < rx[i] - floor( rx[i] + 0.5)

dmyryi < ry[i] - floor( ry[i] + 0.5)

dmyrzi < rz[i] - floor( rz[i] + 0.5)

icell + (int)( ( dmyrxi + 0.5 ) / (double)M )
+ (int)( ( dmyryi + 0.5 ) / (double)M ) * M
+ (int)( ( dmyrzi 4+ 0.5 ) / (double)M ) * M * M

14:  list[i] + head[icell]

15:  head[icell] + i

16: end for

[ R
W 2o

3.2 #HtR LR EIE

CLL B3 RBENHNEE R Z Lo RAHVO NI TETH D, > AT L34 RICBRZ L GHES
i ON) TMIZ2ZEPHRD. L LEDNS, DROKTFHDFR (~ 1,000 R FHLLT) Tk VNL

(a) (b) (c)

3.5 PEl e L orERE: (a) 55 1 BEER VB (fo = 1, Neen = 3° ), (b) % 2 B L2l
(fe =2, Neen = 5° ), (c) % 3 Bz VBIE (fo = 3, Neen = 7° ). $HIRD fo X z,y, 2 HIAD
PRSI LI, Neen BB LEEZH DL TS, AMTH - BB IR Ve, FITHZ
NIFEDA v b A 78 Vewost TH B, SHHE VI Neen 135 1 Bl LSRR 5 33 D 203, ki
FRIHEAERNZER « RIEFR ORI 5 (3% —1)/2 = 13 {8, 2 Be L2l %6 (5° —1)/2 =62
i, %33R LBHES (72— 1)/2=17T1HE ) kI, WAHAICET 2 ETDRLDARES
Mozl i,
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Algorithm 8 Use the cell linked List and calculate force
1: for icell=0 to Ncell do

2: ====== select i particle contain in each cells ======
3: i< head[icell]

4:  while i >=0do

5: ====== j particle contain in the current cell ======
6: j < list[i]

T while j >=0do

8: Caluculate r;;

9: if Tij < Tcut then

10: Calculate force

11: end if

12: end while

13: j <« list[j]

14: ====== j particle contain in the neighbor cells ======
15: jeell0 < reference cell x icell

16: for neighbor = 0 to reference cell do

17: jcell «<— map]| jcell0 + neighbor |

18: j < head][ jcell |

19: while j >=0 do
20: Caluculate r;;
21: if rij < Tcut then
22: Calculate force
23: end if
24: j <« list[j]
25: end while
26: end for
o7: i+ list][i]
28:  end while
29: end for

Algorithm 9 Cell Linked List

1: Create the map of the cell list.

2: ===== MD Loop Start =====

3: for step = 0 to nstep do

4:  move r(t) — r(t+dt) and v(t) — v(t+dt/2)
5 Link the particle index to the cell index.
6: Use the cell linked list and calculate force.
7
8

move v(t+dt/2) — v(t+dt)
: end for

BICHARGHRESIEDN S 2, RENICEHEICHE L T 2880%, A v bF 72888 roy WISE F 405 5
(LUF, Ay b A 7888 % Vewor = 4mrd /3 £92) TH Y, ZHHARTSML 2T 1UL% S vk
(AT, Z0EER Ve = 3% x L2,) BDAEFL I EMERE LTET o5, BAENIC 3 RLRICE
WTC Leell = Teut = 2.5 ETHUE, Viet/Veuwtot 13 6.4 5 TH S, 2FD, Ay FA7HREICEEFNL W
MBI L 2T & R WA 85 B b IFEEL TV B I EZERL Tw3, PRV T HORICHL
T VNL DS DR EAEIEN T O S D1E, VNL OSBERIE Vi = 4nrd /3 TH Y, rew = 2.5,
Tlist = Teut + 0.5 IZH-72E LTH Ay A 7EROIMINCH 2 SMEIRIZEE L Z2 42 % TH 5. KTH
73U, VNLIEOR RV Ry 7 ThHh-o7) A FHEHOBRD O(N?) 122 3UF £ FHHRE ] 1<
LERBFLGITE RS R, LIeh> TSR 2/ S (LS 2 LSRR RICER L Tw5, 2
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Algorithm 10 Create the maps of the exclusive cell list (Cell Index)

1: int imap, mapsize, maps[mapsize|, count

2: int M (Y AT LRy 7 A—LUD53EIE)

3: int reference cell (2t L #L), adjacent cell (£77 DB L)
4: refernce cell + (2.0xadjacent cell+1)% — 1 / 2.0

6: for imap = 0 to mapsize do
7:  map[imap] < 0
8: end for

10: for iz=0 to M do
11:  for iy=0 to M do

12: for ix=0 to M do

13: imap <« icell(ix, iy, iz) * reference cell

14: count < 0

15: for jx= -adjacent cell to adjacent cell do

16: for jy= -adjacent cell to adjacent cell do

17: for jz= -adjacent cell to adjacent cell do

18: if jy > 0 then

19: count ++

20: map| imap + count] < icell(ix + jx, iy + jy, iz + jz)
21: else if jy == 0 then

22: if jx >= 0 AND jx > 0 then

23: count —++

24: map| imap + count] <« icell(ix + jx, iy + jy, iz + jz)
25: else if jx >= 0 AND jz == 0 then

26: count —++

27: map| imap + count] < icell(ix + jx, iy + jy, iz + jz)
28: else if jx == 0 AND jz < 0 then

29: count —++

30: map| imap + count] < icell(ix + jx, iy + jy, iz + jz)
31: else

32: ...nothing to do

33: end if

34: end if

35: end for

36: end for

37: end for

38 =====End of the adjacent cell loop=====

39: end for

40:  end for

41: end for

42: =====End of the M loop=====

T, vz XDMISILL, IOV ETSIRTEIE2EZS,. OFD, LY A XDENEE

Lcell >Teut (fc = 1) (31)

Tcut Tcut
L c>1 3.2
fc -1 ” ! ” fc (f ) ( )

T2 LA EZ/NI KT 2HENIREL 25 (K13.5). 22T, f. 3y, 2z IMOBEESRE L LV
ZHobL TS, f. =185, FENIOEXRZERMO CLL#ETH S, 2D X I Ik Lofliaitz
119 T2 Peftuiy & V53 #l (Exclusive cell linked list) 2 & FESS [16,17]. X 3.5 ICHHBIT 2 )Ly EE DL
BER LY, L Z2 XML T A2 TLI OO I DU EDORTFBAZ I ENTERL KB L

IZHEET 5,
,22,



HIffiCHA SN, £4K3.5(a) TREINTWS CLL 1%, 1 BEo LV E TSI 2 5 (MU,
BV SIR) TH D, ZOHFETIEELVDUDEZS (fVY A X Len) 1EAy b A 78R roy &
DHRZVHDE LT, F2RHELVIETIHEHL T AR FREL T L6 2 2FMil£ T
VS ZT) . SOEHRRIVY A XL reue > Leen > Tour/2 27 S 217 10U % 5 20K 3.5(b). *
VA Rk

Leenn = (3.3)

S

DI AT L AEHHFIZTELTRET S, 22T LoV TgEHEIEZ M Tb 3. #2132,
N =1,000, p=0.8, T=1.0, reut =25 DRICBVTIZT AT L UDEZIZ L~ 10772 TH D,

® Leen/Teut € [1.OT72(M = 4),1.436(M
o Leet/Teut € [0.478(M =9),1.0772(M
b Lcell/rcut € [0331(M = 13),0478(M

3)] & 1B VS (f. = 1, X 3.5(a))
4)] 1 2BEER VS (f. =2, X 3.5(b))
9)] : 5 3BEER LS (f. =3, X 3.5(c))

DEINCNFEZITI) ZENTES, ZNFN, CADEFS AT LAD-SUDR I Z%5E L 23
WiT W E oY A RIFEERMEZ IS, DB M =4 £
L 10.772

Lea = - = ~ 2.693 (3.4)
Eh, ol M=5¢t7Thg
L 10.772
Lean = — = =12 9154 .
Vi 3 5 (3.5)

LB, RO CLLE (fo=1) T Leenn > Tows = 2.5 TRINUE 250D T 3HEIZTE 250,
Lo L, 2B VB (f. =2) 0854, 20D F TSBEBEPT I L T row > Leel > Teu/2 D
EIRNY A REHET LI LKL LI kD, F 2B VB (f. = 2) ZHEUL 5 5EIHA]
HEIC7% 5. Algorithml10 T7 LIV AL L LTURLTWA X)) K D2y EY 72179 2 LT,
S VB EEPC L VYA XA Z2/NSK T2 E0HEE RS,

3.3 EILYA XDOFEL

PEfthi 2 L Elk 2 v 3 2 T, HERM CLL 06 & 6 2 250 Erliffsn s, L%z
M2 <92 2 &ETEREEMNS KD, FHRICBRO 2 WERERIZAY 2. Larl, Z0—5TS
L2 RS20 VA 33,53, 73 ... L8INT %, ZHUck DA v Ty 7 A0 —7ICEHE
M2 8T 2 X125, 6o T, FHERMICHT 2 2Ly 4 RICIIREEDSFET 2 2 L% b, 22
TRAGEEICBEL T, VNL E L AROBITIEHI R 24253 2. eV aEEO TV ALz £ L
D5,

SAT LRV THEBHEIL, BiZer o<y By (Algorithm9)
BERTFBRZENENEDRNVICET 20V v 27 LY R %K (Algorithm?T)
L WVIZET %)L — 7 (Algorithm8)

ZoHicE FN SR CHEEDEH (Algorithms)

oIy M 7EENICE NS RO A AR DFHE (Algorithms)

BANEE o

DE5OD7 = —AoEINS, ZOPTHERMIZL VEICKET 52D131,3,4, 5D 7 =2—ATh
%.7;—f2uﬁ?®4V?vﬁ%ﬁ%LT»;ﬁ?ﬁiﬁH?%%#%,ﬁ%ﬁ@@k»ﬁﬁ@%ﬁ



L, 612, 72—2 1RMLIEMEE BT 5 EH0C 17279 70, SEoFEsic sz
EALHEE LRV, fEoT, RO LA ZKEEAIE IS 5 bNT 2013 3,4, 507 2 —
Rk, U EOBEDS, VK THIRATy 7ICHET 2 AR O MHT LR %

1
TcLL :i(Ncell + 1) X Ta (36>

1
T3 (PLEai(Neen +1) — 1) x 75

3
4 7

g NcellL3

cell

X Ty

DEICHOEDLTIENTES [15]. FAE 1HIZENVA Ty 7 A0V — 71287 2, 52 Hizt
NVAICEENDRTA YTy 7 ADN—7ICET 2], 8 3HIZA v b4 7EREEICE TN LT
TAK U CHAFAZGET 2REICHEL TV, 22T, 74,75,7 FEMEBICKEL, Ho2Lo 1
ATy TTD, %7 2= RCET ML HNT 22 LickoTh2605, K (3.6) 2oHER LD
12, CLL 0D 1R FH 7 b Ot ERRIZEE, H v M4 7B RICEKET 28 IREICIKEFEL 2w, o %

DEATY ZTIBOTHR D YEH LD v Ty 7 AE2V V7L, BED G SkifDA
Vv ARSI T B3EFOFETH 306, ZOFMEICIZ U 0 SHE ITkET 2 EEIZE
Fhsv, B0z, CLLER Y AT L20HNERIKEL LRI A FT7ILITY RALTH S,

X (3.6) IC X EMER DL A4 KL, P22 —3 3 v OfER%ZN 3.6(a),(b) I3, VNL
B EFRE, LI AT Y vV TNVE 7 ¥4 70 % 100,000 25 v 735 L, KT5d 7z b oFFRE
ELTHHI L T2, #lZIEX 3.6(a) DRBICHOEDIND LI, TORTIEE 2BEL VS HOT
T Leen/Teut ~ 0.478(9 3#l) O V4 A4 XDUR B BIHENR D, K8T7 A =210 T AR T O
kiicEtoons,

(a) ZBEMKEFHE
AT LDV IZEE p, KT N ICkoTHREDY, YATL20-UDOEZIZ L= (N/p)'/3
THEZoNE, ZOZEDPSRNMIEIT AT LOAZFIHHL TES 2 TNIER S B \WDT,
D 922N HT AR Leen BZNZNDELIIEE TED->TL B, F, URDIELDS, &
BERIFZED Yy P A 7RREBBEICEEN R TEIEZ 20 THEI R M3, 21Uk (3.6)
DE2WDTFLTH DY, EL, R VHNICEENIRTAT7ED AT v MCHET 2R EICG L
TWBDT, Ay bE 7 roy = 2.5 TREDHEEICB W THE 2L V2R e bl L
TN A RDEGETH D 2 LD b,

(b) 71y M AT ERIKFY
Ay b AT HEE roy = 4.5 TIRH 3BHER VS (f. =3) PRETH D, rey = 3.5,2.5 TIEH
2 R VB (f. = 2) D3RH, 7oy = 1.5 TIRE 1L VB (f.=1) PRETH S 2 LB
bh b, TUIX (3.6) DESHICHEHT 2 LHMETE S, Ay M4 7 B8 rew DIKRETIUL, X
JIBELTRERENLTY AT L2FHL AT NUE RS R, 2F0, wuoElicidX (3.1) o&tk%
7. IR S v, KB N = 1,000, %E p=0.8 DRTIE D Leen = 10.772 £ 7%
D, =%k 3FFTEILEEZLDLE, ¥AY A R Leen = L/M = 10.772/3 = 3.5906 &£ 7% D,
By A7 roy =45 THoET D E RO RZM-S 0\, 2F D, Ay b4 70%
Teut = 4.5 DHRTIZZLZ LW IFELLBIRIITER L, IN6DI EN5, Ay A4 7EEDR
KELBBICLID, v EE, BESHEEVEERNS L atERRN R %5,
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100
d
10
A © A
= ] =10 5 6
§ A A C m/ é / o o
9, o L, O -
g O i 9 y g /D/l}
=] o /A o = 1+t o8 /E;'/
A I’_T//
e regt =150 o
0 p=080 o reyt =250 &
p=0.60 2 reyt =350 o
. p=030 o 0.1 Teut =450 o
30.2 0.4 0.6 0.8 1 1.2 0.2 0.4 0.6 0.8 1 1.
I-ceII / Meut I-ceII / Neut
(a) BEREMCHNE (b) 71 v b 7 PRk

X 3.6 FIHRKFRIO XL A ZKEEE s S 2L — a v oRiRE, ERIER (3.6) 2 2nTnk
LTw3, (a) BEMKAE, (b) Ay b A 7FREAAEZBGEEL 72, FHERHZRAMET 2RkEY 2 +
e (SKIN) ¥4 RES AT L9 A X, BEICKET 2, AT A ZR/AE 0L E D ERIVBDIEA,
CNA YTy P ADNV—=TITEHREARX 2T 5, VA X2 RE T 2 ESMUER (BF5) 295
Z, IFBON =TGR A 2392, K (a) ICBWVT, WINOEEICH L THE 2L LS
i cd 2. M (b) IZBWVT, rewe = 1.5 T 3 BHER VS (fo = 3) 23508, rewy = 2.5,
Teut = 3.5 T 2 B V2 (f. = 2) D0#, rewe = 4.5 T 1BHERLZH (f. = 1) Pl
HWTH 5.
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B4E

VNL-CLL &

B2 TN L 72V L DiEEE Y A Mk (Verlet Neighbor List: VNL %), £ 3 S TN L 72 L 3#H
ik (Cell Linked List: CLL #%) & & O, $HbRy eV EIEDORAT - B2 FIcE &0 5,

e VNL %

— VA FHEHIZON?) OFtE a2 28T 570, 10,000 K FEEL LRI L TidZz sy
PV Ry 7 ERDBIFERNTRY, —HT, 2RVKTFEDORIIN L TUEEO 74— A%
FEHET 5,

— OELSBET IR Ik > THEFHE  PESINTLE ). ZHEAREERL LD
HIES 20D, SEHEOZ L OEREERR L EICEn ZRA B2 XYy M 23H 5,

— U R PEEE ryg ZREISES 7O ITITE TR D ETH > 72038, K (2.8) ITX>THRET 5
Z L DVHTHE,

— CLL BICTHARSIBEREIV NS, VA BRI TE AR TFEDL D% (XY @237 0),
Z Doy EH R I3

— WFNFHE & DM,

e CLL %

— 2K LTON) DIERETH 57-0, 10,000 K FEU EORITH L THE W7 1+ —2 ¥
A%FEHT B L DAL,

— B OEHEISHEL Bk d, [EEERLEDOAE-ROGEICH LTS T XY v M
2\,

— Pl Ly EE T, Bl L A RIFEWATIE R o703, KX (3.6) Tk o THRET
% 2 L DSJHE,

— VNL % L LERSBEERIIARE L, VAR B> TE AT EIZS v, 512 2 MRS
BEDH D (XEVERDPS), ZOFREF R IR,

— WFIGHE & DML R O,

s kb, SREREO ST VNLIETEHFRESR WY, KA Ty 7Ic—EY 2 FEHT O(N?) %
MEETELOZNDNR LRy 7 ERoT0WS, 22T, ZOVAMEPICKEZARMLVERy 7% CLL
HERAOTHI ) 2 LR E 5 7% 3 bR I 5. 22T VNL-CLL 5257 %,
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41 BE

VNL-CLL ¥ VNL ZEOENEF 2 AL LTwa, 2Fh, HHTLETOMn A7y 7IE 0L
DY A P EHCTHARMNZEE T2, 2%0, A7y FIGERY A 28T 20E50F = v
7% T, BNV A PEFHOFEERAT S, n+1 A7 v 7HIZENFHRE (O(N?)) 2179 2 & T,
VNL Z2H#H 2D TlE7% <, 20fbhHic CLL(O(N)) Z TR FHEEZITH. ik h ek
O(N) Dtz FBT 22 LML L%, VNL ZHAWMICHCTED, S5 IRz RIMLT S
CENTEL L oEEILPRIAD S, VNL-CLL kO #M 7% 7V 3 Y X 413 Algorithml1l TH D,
Algorithm12, Algorithm13 2> S I N T 5,

Leen > Tist

4.1 VNL-CLL #EoMaM @ HaM: VNL IEIC BT 25880 2 FEE2 b > 7H, CLL ¥ics
WCHRRMUA ISR T 2B LEEEZ R L Tw 3, 2L DOHIC Verlet DR A F 2 NEE X 5 7
O, ¥VY A XOHRD ) ZRKREIDTRD rijee TRES TSI EICHERT 3,

Algorithm 11 VNL-CLL

1: Create the map of the cell list.

2: Make the VNL and calculate force.

3: ===== MD loop start =====

4: for step = 0 to nstep do

5:  move r(t) — r(t+dt) and v(t) — v(t+dt/2)
6 Check update of the VNL.

7. if Need update of the VNL then

8.

9

Link the particle index to the cell index.

10: Use the CLL and make the VNL.

11: Calculate force.

12:  else

13: —=====Use the VNL=====

14: Use the verlet neighbor list and calculate force.
15: end if

16:  move v(t+dt/2) — v(t+dt)

17: end for

,27,



Algorithm 12 VNL-CLL: Make the VNL using CLL
1: for icell = 0 to Ncell do
2: =====select i particle contain in each cell=====
3: i< head[icell]
4 while i >=0 do
5: =====j particle contain in the current cell=====
6
7
8
9

j <+ cell list[j]
while j >=0 do
calculate 7;;
: if 7r;; <rjg then
10: neighbor list[i][point[i]] + j

11: pointli] ++

12: if rij < Tcut then

13: calculate force

14: end if

15: end if

16: j < cell list[j]

17: end while

18: =====j particle contain in the neighbor cell=====
19: jeell0 «— reference cell * icell

20: while neighbor = 1 to reference cell do
21: jcell <— map]| jcell0 + neighbor |
22: j < head[jcell]

23: while j >=0 do

24: calculate r;

25: if r;; < s then

26: neighbor list[i][point[i]] + j
27: point[i] ++

28: if Tij < Tcut then

29: calculate force

30: end if

31: end if

32: j <« cell list[j]

33: end while

34: end while

35: i< cell list[i]

36: end while

37: end for

38: for i=0 to NumParticle do
39:  end point[i] < point[i]
40: end for

#5112, CLL 3L FMBRICH B ZEE T 21ICBEER L, v Fy 2 20y EV 7279, 2
I, #IMIECE % b &2 Verlet OEHEY A b 2 ER LMHAEHZEHH T 2, MEOER, HEOHFZ L
7%, VNL 2EHT20E50F =y 795, BHT 20 THiUL CLL %2 VT VNL % R T %
(Algorithm12), HEH L B VwoThHiUE, 2D F % VNL 2 ThHZEFET % (Algorithm13),
2T, VNL-CLL #ETl3 e LY A RDRESMED CLL B L1322 2 LICiERT %, CLLETIEA v b
F7HREDREL - LeFio7c vV TE AT LA ZHICE L Tw7d3, VNL-CLL #ETIEZRe LD
WA Yy b A 78 rewe 2 T2 VNLEDOY A FERE e D& END, LB T, LT AR
Leen DEY 9 B5MEUTO LS I2% 5,

Leen >Tiist (fc = 1) (41)
Tlist Tlist
f 1 > Leell >T (Tlist = Tcut + SKIN) (fc > 1) (4.2)

— 28 —



Algorithm 13 VNL-CLL: Use the VNL
1: for i=0 to NumParticle do
2 jbegin <0
31 jenq < end point[i] - 1
4 if jbegin <= Jend then
5: for jnab = jbegin tO jena do
6
7
8
9

j < neighbor list[i][jnab]
if j > -1 then
calculate r;;
if rij < Tcut then

10: calculate force
11: end if

12: end if

13: end for

14: end if

15: end for

b, VYA RXIFY A PERICE S TIRBIED 5N T0E 2 EICHERPBHETH S,

42 VABMERE - BV XDOFEL
VNL i, CLL OS50 T VNL-CLL IS 2 1R T4 1 A7 v 7183 2 5 o
5 2 AT IR = %

1 TCLL n 1
w1 N Ton/Tewn) 4 e

1 T 1 4
_ CLL( rSfLL/VVNL) n - (377p(rcut + 2n <LII>)3 - 1)

4
JvNL-cLL = <37rp(rcut + SKIN)? — 1> (4.3)

n+1 N n+1N—1

DL, VNLEZIEIZRVL DY A P 2T 28 CLLEZHW2DTH 5006, £i45
LTHED Y A FEFICHIET 21 CLL IS 2R/ Top, & E0%. 7oL, Tvnn EZNEN, 1 A
5 v 712 CLL, VNL Z{ffH LT 20 TH 2035, & ICSHAERICHHIT 2. FEIIE, B8R rig
DERTH %5 VNL OZAfE &, CLL ETOSRURRE L 2rye DT E DFREHTH 2005,

terr | VSEE  (2rig)?

ref

VNL 3
TVNL Vref Al /3

ELTEZNER W, L3> T, VNL-CLL k0GR ISR T, %E p, KB N, Ay b4 7
B rous WHRIFT 2, FHERG O SKIN 71, LA A4 AR E LT 4200) 12, ¥ 3aL—vay
DIERE, X 4.2(a) 12K (4.3) DFEREZRT. A7 —N—13RTHH ) OFFHRZ R L TE 0, Hifb
Ee LA X, Mt SKIN TH S, 2P A X Ly BREVE, ZOSRAEENIKEL, FHEax b
PRIV, BVTAXDNITELERNVEBEZGHE AR 2> TLE), £/, AV A XFy
AT LD—UZ2HFIZFE L T NLR o - OlfiEiz i 5. SKIN IZKETE2 L, VNL OHEH
B 2T 5 2 L3 TE 20, ZREEPIRE (R I A FBRE WV, £7, SKIN @ R334
AW &> TRES>TW S, SKIN 2N\ EHEFHHED o35, BHHICIE CLL Ex2 v 5729 O(N?)
TREVICE &, BHEERIZ CLLEOA PRSI WEOGHEa A 2832, LkdoT, ifHazxtz
R L T MFEDMACOENTET 5. KR F XA =2 IINTHEREBZUTOL I IcEtdons,

~1.91 (4.4)
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- = 0.5
3.4 n m N m ! 0.45
m EE m
3.2 n - n 04
z E  EE EEE E = 0.35
w3 n mE - n n
t 0.3
5 EE EEE EE N m m
28 EE - EEE N E m m 0.25
EEE EEE EEE BN m m 0.2
2.6 EEE EEEE N B E m m
= =n - = = 0.15
0.25 0.5 1 2
I—ceII / I’cut
(a) T2l —v a3 v ORH
= ‘ 0.5
m E N !
34 - - 0.45
n E =
3.2 . — 0.4
Z ] [ EE B u
> n EE EE = n 0.35
n 3 n 1 EE = n n
+ m n 1 N n u
5 E =Em HN H N ] ] 0.3
P ol i EEEI RS S| S
28 | EEE EEE EHE u u 0.25
T 1 N n ]
= 1] n = H m 0.2
26 | B EEEE m-N N
I BEEE CEEE E N n
== = 0.15
0.25 0.5 1 2
LceII/rcut

(b) R (4.3) DFER.

4.2 FREBFENICRT 2 U 2 R (SKIN ¥4 R), w34 ZKEFEE. N = 1,000, T = 1.0,
p =05, rcat =25 TLHRFH2D OFHEKEZEHL 72, ZORICEWTRIEY X b EE ryge =
Teut + SKIN, i Lt A ZDMABEDHENEZNZ N rijee = 3.1, Leen/Teut = 0.42(fc = 3)((a) >
T2l —vaY), rus = 3.15, Leen/Tews = 0.42(fe = 3)((b) X 4.3) TH 2. LIAH A ADBKE
ESREMEDE Z, BHE A M 2HT 5, YA XWWNSLERIVELBEZ, AL VT v 7 AD
w—fmﬁﬁ:xb%%?%.MﬂNﬁ%Xﬁi%&;%ﬁ%ﬁﬁ%z,ﬁﬁ:xb%%?%.MGN
A RHVNS O EEHHEEDNE 2, ) A P ORI I A P 2T 5,



(a)

(c)

R FEUKREFME (K 4.3)

WET =1.0, BEp=108 Ay bA7¥Freg =25 L, YATL34 X (KFH)N =
500, 1,000, 10,000, 100,000 @ 4 > DRI LEHER IO SKIN, ® 44 Z&FEZ 72y P L
Too KIFEUN DPREVE S AT LDEE Loy DRELS RS, AT A RXET AT LD—A%Y
FRAHT 270, ZRRTFSATLAVBRECHBSHT 2 VOMELZMA LS L TE
. n+1 A7y 71 EfT ) HHTIE VNL-CLL %1% CLL 2 RXR—2 £ § 2579 O(N?) Tl
<, ON) ICEHRa A P& T 228, Z2Td7aE VNLIEOHMPFHHRAFEIZR V., VNL ©
T, WA 2 LR X MY A MEF DD ON?) DR ML 2y 7 2B L Tk,
CLLEENA 7Yy FILT 22 ETEHDR ML 2y 713 CLL DFtE a2 MCESHED 3,
BEMRTEFYE (R 4.4)

BN =1,000, ZE p=08, "y bA7FFree=258L, WET=0.2051.0,20D
4 ODRITH L CEEER O SKIN, ® 34 RKEEZ 70y b L, AT LADREIE NI
ER B RIS T 2 2 55, ZAUTEVGRITFAYY A~ ORIPHA S H 2 B S BN
3. ZOTOMWENECRTIE, RERXEHEFEn 2RKESC LY A M2 XD R HOFET 27508
RIEIHEN R 25, L7adi>TSKIN IZRKRE K- DRV, VNL IEDO ADSE RIS
213 L, 7272 SKIN 2B X WA TH o723, VNL-CLL #ED B4, SKIN iZk Ly A R
Lo TERMRE-TV2%Y, ZREER(MZFEITERYL, LA X2 RESHEL,
SKIN 2EB<{HAI ELThH, Z2bZ b P AL ABKREFVESHEERPIARESAD, HHaR
F23 o T LESD. Z4Ud VNL-CLLIEICT 2 2 E THHNIC K 2R PV Ry 7 BHE TR <
olAMERTHLEF A 5.

BEMKEFHE (R 4.5)

BN =1,000, BET =10, 7y bT7FFro =25&L, %Ep=0.3,0508,10D
4 ODRITH L CGHRER O SKIN, ® L34 RKEEZ 7ay b L, BEICED S AT L0H6K
B Lyox = V/p BZAT 2. LhioC, MEEREZESATLO UORIIIRESCHED, 2
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