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1.1 HREOEER

FEHFOBELE DL ITREM L & HICRIRETTREIEZ/LL TS, Z
NEOWRBEaI L Ea—HF ETyIal—vardbE0n)Z LidENLLT
bR TEER, 5Ly Ialb—varvDELEZBRE (V—Fr vy
sequencial) D 7w 77 ATEMEL TRV WATHE (2 H L b @ concurrent)
Ry Ialb—varyTERPoTe, ZL T, HIBERICHKHLTDOALADET IV
BV, RO¥ Iab—va UBREL{{fTbhT&lk, Z0Z by Ial—
vaviEMROBEBIIITNEDoY, T, REINTIRKETDOH
R T HENI XIRGER DT, ZDLIRT Ialb—va ryTIEE
BEEE DRITEHE LB bD, £, YI2b—FLTWBHHAEIZ
LT, AR EDOETE, B, HIR oG E, TOEHREHDY I
L—3ary T, EVa—)b, v 2%0ERICLL OB ANP>TL
EJON

CDZEDPLIVHEZEWEOHRRLBRDOWATREZITO VI
L—ya BB ELEINTWS, ZZ TAFETIE, WAMEOE W Java S
ELETELS Y=y TR ERVwWarvy vy Nl I aEANWTY
Ral—Ya ryE{To TV,

1.2 5 &I 1TDE L

ST, ETHDICUWFNLE L WATLEDOENZOWTHEIZRXTE
<, WFNMLE (parallel processing) & 1% TYHAYIZ] ZEDOTrn vy T Lo
TEMFSNDILBEOZLIEL, FIZ1OOKERUHEEHE L THEEDO T »
By THES®EDLZZ LA Z W, WAITLHE (concurrent processing) & 13 5
HIIZ) BROLENEITIND, LoT, Yoty VORI —FETHHE
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Parallel

concurrent

\

Time

X 1.1 ¥ %1 (parallel) ® 4T (concurrent) @ 3E >

BTHbHEDLR W, WATUHIT14 HTHRBRRD A, ERFHICH L TIToN
TWAHLHEIT1>2Th D, ZHiCx L CHEFAEIT T vy FOEKITXo
TITONTOIREOE R EDL>TL 5, K11 IZWFI L & 317 4L D
BV N

HEDOHROBor RN ZNENLEEZRLTWD, 1.1 OHFAE, WHILHE
DHIET7rney P B2@HLIEEZXOND, WHLEITERMIZX L TAL
HANERSTWD D, WHLHEDOEGEIXEREIZH L TIToh TS AH
X1 2>Th 5,

F T &I 5 B AL B (distributed processing) 288 5, ZiLidxy b
U—7 TREBINTZEROHEBRZHAVWTREZITO Z L2 9,

1.3 JavaEBEIZDOIVT

SE, YRV Iab—va refToldltoTHWS S a vy Ea—FF
X Java TH D, Java BEEILT A U I @ Sun Microsystems 25 B % L 72
X7Vl MMEME T v 7T IV EFFET, 1995 FREAER LT, Java
SHEOBRRKOBBIIARL—T 4 VI VAT AEREFELBRNENWS Z L TH
%, JavaSEHHFOHITRB~ T v (Z % Java Virtual Machine &V 9)
ERFOTVWT, ZORBYUPHEMBTZLLIRary LA T7Z2FALTH
%, Java Virtual Machine 13 & 512, EEOHEBRMU LN EMTE L5 X I 1
A=) ZTHRET D, 2—FEY—RZ2a A VL& A~
=7V Z e HWTEBROHAEBRTEIT TIOR8 BELED, ZDLOIC



Java Virtual Machine 23/t 3 2% Z L TR ARV—T 4 VTV X T A
ThH, JavaddiA VA M=V ESNTZHEB TONE I n 77 02 ETSED
B TE D,

FleJava iZFEFICEZL DI TR F-TRY, ZhzHWSZ 2 TT 7
Vr—va VTR CRFRR T 77 IV IR E 2o TV D,

1.4 <TILFRLYF

WATHE I~V TF ALy RO v 77 Mo THEITEIND, T T
<)V F ALy RIZOWTHHT S, ALy REIIANR R 2E5%T35%
DT, ZZ TR el I7L2FTLTWLIEEDOILEHET, XDV —
e Te T AR L TEITLTWVWSE ALYy RA1DLD2
RN, TNEY VI NALVY RO v T T hERS AV F ALy R
EIIRHIZH LTEITLTWD 20U EOR VY FZ2FEL, Z 0L Z I
Tl fToTWL Z 2 WVWH, M12ITY VI VA Ly RE=LVF ALy K%
B LIEEANZRT, AR EEAHRI N v 77 AOETH S L
TWb, YU I NVALy ROBE, Bl w7 I 52FETLTWVWDLERITL
DLMN2NWTeD, FEDOWUEBKET LIHED S —FORBIZE DL, v VT
ALy ROBZAETEAVY ROBIZIERUTEIE T e 7 5 2FETFTLTH
2EERDRDHD, DFV, K12 DFPE TEH2OOLHEREATITEITIND,
12128 WVWT, S HIZELSRATHS L, Threadl 7 v 7 F A% FET
LTWBHEAIE, b 9 —J5® Thread2 XK IEIREEICH B, 2F V. H 5B
IZBNWTOS e 77 ADETII—FT XYV ThDHB, EffshTVd

(SingleThread) | ]

Thread1 | F—1 _H " ]
Thread 2 I—EE————

»

Time

(MultiThread)

127 VALy RE=VF XLy KOEW



Ay K220, 2FHICAETWSary Ly b Thd, Z0HY
BODAA IV TIFFEBEREE. KO Java O EITRITKEFT 5 28, e
HRITONDETEDA LYy NKOEFTHRERVED Z LT,

Javald~/VF ALy NEZEETHR—PLTBY, LIBRoT¥Ia
L—va v I LI B ot WITEHEOEREZTDZ Ll Fhk, TV Ia
L—ya il ALy RO, B EZ1TH>Z LR TE B,

IDOWNVFALYy REHAWA Z LIZLo THEfTEFED Y I L—va v
NEBRFETHD LEZX DD,

1.5 AXHMRDOHEHB

AKFZETIIBRBID— oy AR al 5 ATIERL, T TEME
ThHarvhrvy N RFuelShEsVFRALy REHAWT Java 53 CTER
THZEZEMEL, WROV—T Uy VRV Ialb—va DR
79, TOFTHYHELIFORERFHE LAV I7HEOY I L—Va
V. ETAEMFESTFOREKFA L LTEERLEEDORIEDY Iab—3Ta v,
i BRBEEH L L TEEHEOERD Y I 2 L—va VEFT I,
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2 VUIal—yvag v

2.1 ADVITERDIIAL—YaY

2.1.1 #H{E

MEHZEDBHOHE LT, APV IRBEOYI2aL—va rz2fTd, AV
VIR L IHMRARBFOMENET2HMETICREROLA TV D &b i
BREEHEBEDOETALTHY, NAEBURLVITOHEFThHolcA Vv TIT Lo
T1925 FICEBEA SN, A VU I7HREIZ, ETFTVOMEIDBNIT TRE
IR S WRE LR D, M Z DA R LT, MFENITHIESHEI N TN D,
APV ITBEBIIBRE— AV P ETATHY, EMEORALE Y, FTHEO
AV, 2DDAEVDREBOALDBDELET D, K21 ITHERA YV 7 A
ERT, AVVITRBIZBWTIE, B z8 & T THEOME T L
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—
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THLRA_ELIICAEY, EEVDO2@EY Th 5, BBOMEN EfE D
BEORE L DOREBE 41 LY, FTRAXZORAE L OREL -1 LITFE,

AVVITBEBIIENPOLZL DFEERHIZED TR, £ Lo TEN
ROBERELENTNDS, Z0kD, YIal—a v OREEESIC
fTozencaxrtBbhd, flxiE, FAYPEECTAveEERZANT
PRFTA VY I HBMOY Ialb—va VEFD, A VRO — 2 &
IR LTV D,

2.1.2 oS5 LDOEH

SENIERALT 5720, IRTEDOHEKE—A VY FEFAIIZONVTY I
L—ya v &i79, 7wl I h0&EMELTEREIIZ, EmMEAEY 21, T
MEAE L Z20LERBETDHZLICL, £, 12D0RAL VBRI DDAy K
WZHRIE L, ZRNENEWICEERDI LT, BOBOOREYYBRarviaLv
YRR EMEETBHIOICT S, TDXHICTHILETAREYVRIELIDLD
NHDLIHAMOTTEAL TS ZLENRAETH D, BILIEIHAZ TIC
Y

1. AUAZXICEENTWVWAR Y VIR LA X ICEILT 5
2. 1. IZETIRELRWVWEHEEERADLRVWHERTEILIED

. AHMEREZGEZEATLHIILET, A VDOmEMOEELER LR
|7

PLEDE&MET, FBEMAIIZAEL Y OREREDILIICELL T 12K
SELTWLS Z iz d 5,

2.1.3 oSS LDHEN

212 i TR X 5 b 2BELT LT, v 77 00FHNERL
b DEKX22ICRT, MPDREIZIALY RERELTWT, £z, RHO
FOoBEFIIA VY NKOEBBEETHD, RAILEFOODWVWZALY RiZZh
ZFHRLCALY RERLTWS, £k, E2LLTIZHREAHENL TS H D
&35,

TP, A UOlEE, OFEVO0, 1OEEFEoLALY RERAE VU DOMEE
RIEHMT DAYy RABETD, ZORALy FIZARE ORI T &GS
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. Evalution of Spin
Main method method

-0 _ _ _

Y <Evalution between Spin and Spin

2 _ _ _

< Q . . .
Evalution between Spin and Spin

| _ 3 _ — —

» 1

. Evalution between Spin and Spin

<¢

4 _ _ _

_ _ _ D5 _ _ _

< 3 / - — — > \

Time < 4 : Value of Spin (0 or 1)
. Return to value of Spin (0 or 1)
(1 thread is pear of arrows)
v v

K22 AV /AL I a1 —3a3yDFul S5 ADENR

Nd, WICEMA Yy RBPBEINTZALY FREESEZ 2.1.2 HiDOS5MT
LT, AV OmMEEERT DL, £ LT ZOFHMLEZTZA LY R
DEFESDRAL VOB EXZIERERLTWNL, RREK LA Ly RITEOE
flixYy NOFG~BEIN, —EOBELHEVIERT, YR, ZhbH320DH
BiavhLr vy McfTbh b,



22 BRELEHEORKEOYVIaL—P3Yy

2.2.1 BE

MNT, HILELHFORKRHIE LT, BREEEORIGDY I 2L —T g
VIZOWTEHAT S, 4B, UTFTOL S RIbERIGXZHWS,

o 5
E+S _ ES — P (2.1)
CY,

EXExR, SIEIEE, PIERMEZINENERL, a. d BIUVBIIK
JISAE— RERETIHERERT, ROENLHNEEBSTHRAD L, 7,
BEREIIEES ERISHERa THOYWEES ~L BT 5, ZOYWHEES
XS OICRIEDEL LR TERY P 2AKT 5, Ll RISBEE
BRWEEIITCOBERE LEE S ORRBIZRD, ZOET NV EKISEERY
R FBRRANTEREAT S L, LT X7k 5,

( d[P]
T = B[ES]
d[fts] — o[E|[S] - (« + B)[ES]
) (2.2)
d[E] ;
~7 = —olE|S]+ (8 +o)[ES]
d[ES] :
| g = —oElS] - BN

FIRRR KRB E LT M) Ry P EEINDIBENRET VLY — V3D D,
1962 %, ~ b U D@L THERI L, LK,

e 14T #J (concurrent)

o JEFHIA (asynchronous)
o N HLAY (distributed)

o W FIH) (parallel)

e JEVER (nondeterministic)
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o TERH) (stochastic)

REEZREETIERV AT oz - HHZET DY — & LTHA

5, X U=xR v L L
N S AN
L fiE e

s






Registration







O Sugar

[ X
<<
XXX

()

...
4]
S

()
<>
()

VAN

AN

AL.A

Qg

/PR



o FE AL ORE






(€)

(b)

(@)

5000

uids dn jo Jaquinu

10000

time












ES

100

d ‘'s3 ‘s ‘3 Jo Ausuag

100000

50000
time



100

d 'S3 'S '3 Jo Jsquinu

100000

50000
time















