03-rR 010

WA AT B 2 E‘I/:.‘E’J F]?"ﬁfn
i

TR 4 F 3 H

HIPDEC

e MEERA HARKGHRILE B 2




COHWERIE. BREERERRS) SHRENRO—HTH 5
BEHTZERESOWBM ST CER I EECERLL THF
FRBHANCET A RANAENR ORREEEDELDAL
DTHHET,










H3E 3 0 RFICHL B ERIMHBNOESEIEL (. TolRE A cHsoERb sl

R L, 2 Y Ea—s d45Pbhbhofl&iEgicé - TRARD 6D LS » 2,
LaLGws, 2o HBEONKeELc & s, EREREO—BOSE/L kY
S, FHIRIE T, BIEL L A BRER OEHAEEIE, & . Afilic & » Tiifiib e E &
£ 0 RUHOFH VTS HLEHE~OLSH . BRI B LI 0T - 1,

LDt ROIVEa—gBRRF LTS, AMORBIT-TWE LI, FE» O
FIFRABOER O T, LEL SN IHGE. HTHREEUEERN. okl £330
RIERIAERR 20 FEb S SO RSN TEWRE . ERICER S, SBE L.

SEEEIE . BIEEEY B 1 AP RLEEINRERE (MR vy Ea—-%) 749y
F A BAERAEZESOTHRBEEL LT, MBI INIPTY~2 3 » 7ETERS | 3%
ELT. 21 S HiE Y M HRIMER RO 1 A — Y2 RELT 5 oo OBEIF % 17
D& & bic, FIEHRUERAHE O o OBATHEOEE . FEEoHG EEAHS oL
TeBH 2T 0

REIC . ARFHEARCERLEBHZEV - RERMICESHILFL LF2RETH 5,

Fik4®F3H

METERA B RS






NI P

& B &k HH

RIZER Hi5

£ B LR

R

o

FRU

i

=i

Bz

LES

3%

ALk

&

T — 2 i m o TEEATERE B i

CNEAED
HRARFE LS TR
BTN GMRAER -5 3 &
FREMARF T E SRR R
EFENB SRR
R RE IR B R ) -H
RO TFMEF LER 3
ﬁﬁkiﬁiiﬂ”ﬁﬂ#&ﬁﬂ}f%tﬂ—ﬁﬁ
ET R OMAPDERISNE
BT BN SRR -5 1 R AR ER
%?ﬁﬁi%éﬁj”%ﬁf%ﬂ%#ﬂffﬁﬁ%fﬁﬁﬁ%ﬁﬁ%ﬁ
BT ENREMAF LR LERNRER

WA g 2R







AT o> AT Y,

F1H VT —nFarvEa—F4 77 esrs saBEATOER

F2EH BHHE

A, EAGTEEHRE

B. EAGFHEE KGR

The Master Plan for the Real-World Computing Program






1R

UTNT— I RN Ea—F o 7Tass A

BT &







B8R

188 BAREE

1 MRFEEROCER 2

2 BF= | 3
3 UPLI—NRIALE2—T1 L TNRTHA A 5
4 MEFEROAR 9
5 EAFTE 1

5 2 88 MTARESTE

1 IBEREAg 13
L1 BEROBAA . . e e e 13
1.2 Bfgead& ... .. ... .. e 14

1.2.1 fBHROFHEEHR .. .. ... ... ., e e e e e .. 14
1.22 WHRBIUVAEEI2—VosHE. ... .. ... . ... ... 15
1.23 FTERLRIEBEMAR . . .. 15
124 [EROMEBLURAES 2 —VOBE . . oo 16
1.2.5 FHEEDHEIL . e 16
126 madAboHE . e e 17
1.3 FFRAT T o= e e 17

2 ISED LD OIHEEE 18
2.1 BFEOEHA . e e 18
2.2 BFZEERER . . ... Lo P 20

221 FoOPHEBBEEFE ... o 20
2,22 RoOPLWIREMBMER . ... 22
223 FTohhboa—<rAry¥7a—Akyrialb—vay...... 23
224 FoHMLBEEGE . ... 24
23 BRI Y o= e e 24




3 BUFIZAFTLA

3.1 BFEofsAa . .
3.2 WFZCEREE .. . ...
321 BERI7T—-FFrFv ... ...
322 FNRL—FAVITIAFA ...
3.23 MEFIAFLIBITAEE .. . .
3.24 VATARE-7UrTIVIEE
325 VAFAOFME .. ... ... ...
33 BFEAZ T 2— ..

4 Za=SNYAT LA

4.1 fFFEoEAAA . . L.
42 WHFEEAE . ... ...
421 Za—=—ZWETNV ... .. e

122 Za2a—FNYAFAON—FHLT
423 Za—SNTAFLOVIT YT

124 BEWAFAEDHES ... ..
425 VAFTAOFM ... ... ... ..
43 WFEAF Y 2—

5 RVATL

51 FIZROMMA . ... o
.52 WEZEERE ... ...
' 521 KAv&azrziarsigl ... ..

522 ¥zma—FWIAFA ... ...
523 WNFVEINYAFA ... ...,
524 VATABEEORE ... ... ..
83 BIRAS Va2 oL

ii

................

.................

................

................

................

...................

................

................

................

................

................

................

................

.................

................

................

................

................

26

2%
26
26
28
29
30
31
31

34
34
35
35
37
38
39
40
40







1 HMEFEEOEN

PN FavCa—F4 7 7asyIaid, 2 1 RoREFRESCBEY
THELENHERMORBEHT TAZ L EHBE T Do

IV a—FRARICIHEEL, KE3LHEST—2REH#THL I Lo L L%
B, Bl Ly - M, AReFRCESVMERE. 2BED v EL0
SFEIRBVT, T a— ¥ ONRAERKRE L LCREBRICRT. ABRDRTIZL K
v,

2 1RO SRR BWTARE av Y a— s OSES I AEREES L,
BHY P ODEN M ORI ETET A 201, HHRAERN &, A OERILE
BEHIL DR, EMHROSHEHLERPLETEL L) 2O TRITREL 5TV,
AFFETOZIA0DET IO, F0OL D RN TR RN O M8 O
MTHA.

2 1HROBR Y AT AIE, B—0HEKFTELL, ZLL0oF— - F7/0VCXxb
NTRUDTERENLTHL ), BEFIZ v Va—-Fa vy, avla—F4 07,
Za—SNhav¥a—74 VS HERER-ZRAELTBAVE2-FA YT BREV, £D
Ly aEMcEIhed, INLOHMERKICHEEL, HHRYATF AL LTHESE
THLTEeHREENL, KL TOFS A, CULOEETH ) RULHRERIN
TR VHA~ORE TH 5, ok, ChbOEEMEROBREREHIL, 20
WML EL L L bIC, FROLEFKATHANDOAI AN EE5 25 EE AL, T/,
MO EHEMEHEP O L0 2 OEMFHMBCH L TOHRBIEA L,
e, CoTHEONAMRAGRCERCARTACLIRED, NHORFMELLT
DHEREEORBICEET 52 2 &2 HIET,

= O IBEG S oFIKN 2 B E R ERT A 720012, IR BT 5 EIRK S X OB
WEEET L LPBOTCEETH S, T/, ©F, EXHEENE. KFEOH ORI
RAFELTH I LSRR TH D,




2 H=

Ay a—F EAEHENOBEIIK L ONT, FREHERE, HiohM - -2
B, ERFEOAEL 2 EORERD A% 6T, BRATKECENA L, Biko
BEL, S5 AE LT T EFN AT L b2 o6TTHS I,

FRiZ, WO A vy b7 — 248, RERBTZABAR Y F7—2 20, MEHE S
MRE - BAZTHEA Y P72 ALHERBTHIONT, HHRABOEESFEHEIOHEK
Bt - FANEIED S TO o ZOME, BEINERSFEHEIBHCENTE0H% S
T, HHROBET bbb, AELEHSEL IO TWE, T0L) LEELERE
vy TS HEOERL LT, HOWAANRY T OSFLERERE & ) EE
RRLECEZIFAATEL LI D00 LBHEASERD LN S,

CH) LIHRMER. €L TERL RIBASHCORMHERE LT, BfE0T ¥
Fa—- %2 ) ARIGEL, BElLRBRBC B TALLEFLBATCE 2RI 2E -2
DICLTYWL T ERATRTH D,

BEMLEaesRYEL L, orEa—FiE, BINMERIIEZ N TERN L ER
BT TEN, 39, 30 ¥ —FEHN L 74V - S A= AROBRICH> T,
HERIE, XELH, 2 L7 A0EFLREOVTHL W GBFTREL
a0, FALOESTEEER TV TY XA SR, ERUET Y22 T
WY Z0IimnTwnihsThsb, '

KORE T, HHH G R vo s ABOMMBEERICEE YT, B
CRFERETAEIATH o7z, AIRHBRTEOWENE IR, 22—y ICRFTEE
ENTHECHRBAZR VR IEN 52 ADICERR L2, 1981 45, HAWEH L2
Ya—F A4 TAOHF LT Tu-FL LT, SRy Ca -y OBEFITH I
L7hs, #RGay¥a— 5 M e mBENERED 25 L, ARBEMERERLE~
DREHCIETHLOTH o1,

4B, avFPa—%id, BEOZDOTLIVIAPEEL 7L T ASETHREK
AR RiREMEEM BT, ARZ2Es2 2l s, L2LEDSL,
BORELECOMEPITRRBETH Y7V T A0 E LTRARELZERERICBWTA
BOMT% 5 TOB TR AL A S &, TV 2—7 B E LTRERTHRE W,

o T, 9 LAERRMEIOTL UERLEEMOF 22 HBFELE b, A
B OEHH 5 VIRES T (subsymbolic) Ll DIEHAEIC KA ST T, AFOLS %
oD LmRABEORAN 2 HAEEREL, BETIN - FroT7HfOXBEO LI 2
NOEHLWERMEBHT E LTREBREL T { S BE P ORTRTH S,

VR, AEORICB 5 FRABOAMEACEHT A HBOEHEIELL, £/, 21
EARWBEIT I, BEFINE 257 A% T RICT AN Fo < 7HHFSFIH T2 5 &




s Cnn, &) Lok e i
fy7zng—
[EEFHE] 2ERLABY A7 Aic525 2 2EHET (1.1 $2R)

AROBEHESES

21 %, AMEFHRLE Y A7 AR W BEELSZHRICHAT S L ) L RHEE
TEELEHERA Y V7 27#HESIT 572010, FILOWEBN CLENEMOERS

N O E 2 — 2 DOERNIEREE DK

ibﬁﬁ
,/Fﬁkﬂ

Ciﬂﬁxj/tl—

ﬂ#
#%LE

Cfﬁ&ﬁ:/EJH

- BdaE -
IR

FAT, WARFAFERLHONT FTALELT
WFarPa—74ry | oare7 bxRBL, AMOERULEORD

(igmansiaitits )

(?47/@:/5:—{)

\

E— a;7r717rm7

1 TSR 1
uﬁ&?a# Eﬁ?%

DJEJ—QWﬁﬁ

=D EVAR R

/5y ¢ o DI
e EEET. 550 |
:%Aﬁ*/b? '

@ﬁﬁﬁw%wmh'
EEE

:ﬂﬁ?%f@@x%
Dt B o o AT
BT B

1.1 av¥a—7F4 T YAT LDHEEOIE

WEFT)VTZNI—=VFIVEa~F A7y 70rs a0ERPREDRETH L,




3 YUFPILT—ILRALE1—F12TINT3441 4L

LI, BT 2 EMABRBICBVTEGPEE LR, BT o008 ko
BEZALTHEEBLAABETHL. £7-, AHOKREZREL, FHETV., £0F
CHESWTHETEE Vol FHUEEETIH L, I TH, 0L LBELX
DEIRZ2DH T TV =TT TELS,

A: FERRHRLAE
B: BERRLE

B PR LB 1T, BRRM. 4T, EFIRHNN, FUI VNV REETHRESY
bhd, Th LT, EENERLIELE, BE280, KK, TV5H0, #LT7
FRTHE VS ESETCERSITAENTES,

AR, HHRLEEM AR OZ ) L2 20ERUBEECRE 2K E LT,
HEl, RBLTW{E2BRHLAbOTHE, LrLads, BRI, HE A
DEFRICBVTEALBEN D v a2 E LTERER, N Fo 2 7THEOEREN
LRBIIEZ LN TREMZES 2R TEZ, —FH, wbwd [EENHRLERRS]
KoWTIE, /RO E2—-FBAHOEAICRIZDICH>TWVE, T ¥2—FD
FHEBEORME 02 2OREDRIEN ST Y AR RN LISERT 5,

BEOCEZIIBNT, ABRBREPLPIAHERYEUEL ofFREFTML. FH. &
., $5VIEHMCLEERCEFTIREOPCHES L T b, FHL2 EROCEE
BEAALLYATARHBT A LR, L) EEOSRLEEELBigT /5 — 1R
M, HRREHAE, MiEuRy b s, SEOERNERLEOHSFICABELAE
HEhoTnsh,

CH LAV AF A ERARET A0, ABDT) HERUEGED o BERKMTE ORI X
SEPFEETWRTHLE LB, WD 2000HAHET A EFRIEEL T B, A
DFRELT, LOAHBT, ZoLEFRIATLOEBLEVHBL L) 2H LV
BRI DNG A LIZBETE S, ) LIRKREERLEY V7 V-V Farva—
FA4vy] LRSI LT (H1.288) ,




FHRILE2—TFT 1 7
Z 5 EeRaTE
BT oA

tFHE, FRAE (D HIR)

A

| BRFSEELE
(ox./ { % - BUEH A

p

REAAE
(ERM, S, ERAY)

=
i

(#R1b. #H)

Wt, BEREAE

WH AR T ANEHLIE
(ex.—2x—0O3d¥a1—%)

EERAEE
(AEFNE, BER, REHI)

C

Bery (MEa)

O 4R )

1.2 FHRABERHO 2 ML E e

PFAMT—AM Ay Ea—F 1 v POV AFAG, RO LD RREFEICE o THEST

HILHFTED
o PRl (Openness)
o TEEM (Robustness)
o ERERE (Real-time)




(Rl &d, FEILTw WK ERLZBEICL., Y A7 AXEEN 2 2EH
MICHOC2 LSS W HGRTE R L2 BRT 5, M) &, AOERIgESET
EhTw/oh, WEFELAZ)LTL TR 7 40 EE»r OLELTWAZ LR
BIELTWa, [ERBEME] i3, VA7 LB ENLBEANCHEE2RD L & 28Kk
T4,

ABPI 0L RERFELE U BRLERD L R TS 2B, B Olids,
ERE B ICRKR LBEFIM ALY 280, FE B LI UCECHEBRLED. LU
WRERN RO L ICHET 2, E-T, LD LD EEEFEOV 7L IV T
VA= FA YTV RFAEERTALDOF—av T e LT, KOTONET S
nR3THH3,

] %Bﬁ‘&%%ﬁﬂﬂ
HROBK S PTBESZFET L E b, 7, At fFHuE

o A8 T S B AL
ﬁzgﬁ%m%&%ctgﬁ&%ﬁ%ﬂﬁﬂﬂﬁﬁ%u%ﬂTéﬁﬁ%&

CDZoDX—avET b EMMET A D) NIV Fa vy a—-F s v TS
077 AOBMAEREERE LTOEWHE.2, LTOLIIKIPERET S |

o BoPuBERARORS
o BIHBSRAF RO Y X 7 A
o FUARBDISHO 2D 0H L wEHME

CHOMRERBREAZALT, HicgdcayPa— v 2Bt EEFTTEEL.
RO I TERALIERE & F7: 2 EHENE LR MAabT AT LItk o T, 72
EXE. UTOL ) RBRBIlERENL EFHFEsR L,

o NEEEHHRPLRY ECEMICEE LS HEReRA L, ERMCELY: GF
PEicZ L) Bl % A 2 47 ) HEhR

o DB AHE A M 7 BEDEY I L2 n . BRI o —RRE L IEE 2 IR 1B
T 5 HREE

o - LRBABRBOLC S R T AN b % IG5 & DK

DZNT =R Far¥a—74 vy 7OIHTER, B2 AHETIEBT2KR
PHBT L LV AT (AREE) HE, HERPREHRD VI b—-Yarivis
Fe RBAEIE, KEHERE BV HRBREOERBS I CEHAT Ry F oA L vio



ERREELZ O, [EHREE] —&icbs, FECELVIDEL B I LA
fFran,




4 WHEREEOAZR

TTRBREEIR, JPNVT=WFIYEa—F4 7y s aicBiTAM5EH
%migﬁﬁﬁsEEK%EL%5&GSO®ﬁiﬁU—Kﬁ66n5a

o XOPUHHRUBOERFHOERIC L 2EHBH OBREE O,
o YATLEME LTORBIEFIV AT ADORER, B,
o LELREDICH VAT LEHMETLH0H LWEERED E4{L,

CHGOHTT) =T ERB LT, (a) BAOHOHBE. (b) toHERERLL
TOEBAR. () (a), (b) X253 VAFATEERE, L) 3BHEN, KFRS
Uy ADERGERMALEZE (H1.388) .

FophHs -
RISEAER

EobuitH B

BEH AT L

Ka3rEa=F 17 FINA4R

BB ER 5 B AL TE

[ 1.3 : HiFASEIIAE OER




FEH D720 OFAREE I T A HFTE I BV T, B 7 S R % R L R %
ﬁLth?b%%ﬁf%tbL1ﬁﬁ%kﬁ%&ﬁtwﬁiﬁaﬁﬁﬁéﬂéutk
A CETOMARBIILTOL ) ICHEINES |

o SEERREROF S Lilak L BR

o ZOPAEBRA—RIETWEL p R L EER
o A EEMONFEROIZD DTS p 2 EHRIRE

o B 5P THEN LI

_nawﬁ*ﬁm%ﬁﬁwﬁ5ﬁ$%&0\éBL%@ﬁ%ﬁ%ﬁ&Té#bn\w<
o#@ﬁA%&ﬁ%«@Fm%ﬁA%

REROFEREEEG., RO LRBLARO D ORRERLHLTIETD
5oumtbnm\i%\ﬁ%@%%ﬂﬂ@%ﬁ&%kmxo&ﬁﬁ#avﬁb&wu
LT B EDEETH B

o HHROKR, W, R

o 3T REROKSNE
-%ﬁmﬁﬁ3;0§%%va—w®%b®%m
o FWBLUACHME

%K\F%ﬁ&ﬁﬁmﬁﬂjtrﬁmbloaaﬂﬁmjm BLERGEHEETH Y,
o FRBEFBAMERULIA Y 2750 L TRELET 2HES, FoX—RA Vb E
RHETHD I, ,

JTFMT=LFar¥a—F4 7 TR, RERWICOBRLZKEDFERE, £156
OMEERA*RB LA OSHEICMET A EXRbLNE, VLTI FarEa—
FAVIOVAFAEBYE LT, WO ORE LAV TEFISEAE LRI TE S5
BUA7 AOMEIATRTH D, 2Dz, KIS 3 20RA» L, AR
AEDAILHFEETH S |

o NARIEFIY 257 A
e HRVAFLADIDELTOZ2—F NIV RAT A
o SLIEHME Y A7 A

FIGIZ, CHHDORHEFRET 6 TEX 2V TR ED S,

‘10




5 EAGH

AR 7urs As0EHNE, B—0v P 2B TAI L TR, BEETHY
HHRLPBYIATHLRWERENOTREERXERT S L THE, CORBHILDE
hOTHEBYEENYERTA-DI, 707501k, TROLIZHGIIDo LT
WHEINLERETH A,

o WL

AR ORI L7 > T, AN, SEY., XEEORVIFIEREPITCS
W, faE, EREOSVWIIRESEIfIC BV Te v ) fRREDOEY) 2 Eg %
Thv, MEBOTEN TR EREHRT 5,

o BPEBEOEA |
MHEEROMB T, HHEA (Ba4n7 Tu—FHOBSIC L 2RO L
ER) #EAL., FHEFMRCEEOERICESH TIFEREREEEL R D AL,

o B, EIBRHE .
AR ORBEN S ORRN L HELZERT 5720, 2B, ERNLEE 2R
H5 5, B0/, BRI P NSO N & 0 FAELEBERICITZ Y,
2. ERSORFEONREEIIN LHREORFESEITL ),

o WFRHEDEM :
TREROBEMEL RO, ARBOERRKRS L CHE BN OSHRET
Wi, AL, o, YRV ILARLTY— S ey TEYRBENICEET 5,
o W54 v 75 Dl
LU b o> e R H] & PSR 0 R £ X A 5 2oz, R 2 R 0 5 Bf
R LT, HEAY P2 BREBOBBLET LS.

11




E288:
R A

12




1 IEEREE

1.1 MRRO¥AEH

EHFOEM (AMEEt) IFCAREHEEELCHEL T2, L2LEMNS, b
NONAREEICEALREOP T, FREETERK S SAZHRYBAV T, KEW
WEERELZITZVY., §HhOTERICITHTAI LAETE S,

CDEDH AEICBIT AHTABEREL, ChETEHERIC L TITEb TA K
B e, H5VERENCRES N ERCE T 2558 % Wil e AV By R L
HEmic, [FRoPeEHERE] v [V7ry—vFarvda—7avr] kL
TRES bR D,

YTZNID—NFar¥a—F4 77075 MIBHHREROIFFEOHMNIE, A
BoOROFER L EHRLERED ZIFERABOT LW T ¥4 AL LTERT A DOHES
WEREHLT 52 L Th b,

CHETICDFRTEIDHA L ERAERCE L TESHTE L OBERNIIRH 2 8
NT&7%, Plzid, & — Vi@, EEB7— & Wi, FEX - SEIifR. 77V 5%
B, 2a—FNWFy bT—2 2L BEHE - 2 - HOMSL. = L CERME - BE{t
PIET AR TS B,

T HRABC BRERE L 5L 510H, COL) pHIRE S LICECHLED 2
VEFSHDEFBFIE, ChOOGBIIHBETABLREREEL LT [0 0HHE)
(RS HERWHER) OGNS 2O MIL, V7V I =V FayEa—F1 v
AT AW BN L HETACLNBEETH L, £ T, 2EBLUEHS
MR LA T D W HEER - MET M 2N RLMEOERL L ML 74 F3 7 A4S
L OB EFBEI DI LIRSS,

DEDHBED 2D, AR OERUBOREA L IEROKXDE - B - ik EH b
@ 5 HIIR - — At L, BRER e ARLT 50BN 2,

KICET D 2 A3 e ROIBEELRETSH 5 |

o SR IE (2 5 USRI EELEE Y 1 — L o) ORA
o WL ATHIE (R L W)

S DIEE BB A H 2 X ADETTED LS CERT 25505
TN, RELBR. KR, E LSRR CoBHBEEBERT S LT—F0
F— BA Ve LEbA, #0-00BERBOIEMFICEECH L, T 7.
4 OEHOHMECBEBYT, Y7V T—= N Fav¥a—F4 ¥ o A7 Ao at
Hedhd [Pkl o MEddk] o TEESMYE] L OBRIELERSALRETH D,

13




HHRMBEOH L\ /ST ¥4 BT A0, BRI LERE VI L LFRHICE
BEHLEEA D, SO0, PHOBLBIHRLROLZODO T+ — 7 5IIBITL
WHRABROREL L2 Lo T, AHOM, o #{bERE, £BERL CICHET 2REH
LHROFHARET B EFLETHS I,

HREBOMAREIIRO LI ITHEI N EZEZ LMD |

o ZHERLHEHRO T EKH

o THHMLME T 7N OFFHM

o UL REE L AR

o FHMEMBEY 2 - VOWE

o FE B LUHTHMEIL

o AL
CRbE. WAV RISH AT T OFEED D OBBRIARE LTI V0L E L
2 (I

HREROMAIIEVTE, RO THEHWL2ARHEROBELY 0 EEHE LT 5,
L5 C. UTOMEREN) X McBw Tk, TXTOBHTEE T RTOEET
EE R RO MRERIC 2V TORBRNE, FLEAOIEHSTEREES >
AFh, 2a—FVYAFA, BIUXaA YV a—Fq rZevozERFEICEN
BBh 2 - SHEEFLIE, TAFRAOZCBNTHICERINL,
1.2 MREE
1.2.1 BEHROEHLRE

REFRPEERE R AR INZBROBRET -7 P LEHROULEFTHEFEEI TO
LR SR MR, BB CERL VAT ALHET 5000, HRERRO
X T VAT - R LEBTAIEPERLREE LD, CO7V—AT—7
TRI, ERORIO LI 2L/ EDNTELLENSL, LI, WALALRH
HoOBHEER TG TR, FhifAvwTEERERLEY S 2 WIIHCHBRI
WohtFREPURICERTEL LI TRITINT R LSV,

EELHRBEE LCEUTOLI 2bonEL 605

o ZRILTF— ¥ FICETHRER
-ﬁﬁmﬁoﬁ&ﬁﬁiﬁ

14




o EHOMB T & DI % FEHFEE

o FERMF — b= by, BARNVITZTEFN, FyFATIVI T, HEEBHHRE)
AN ERRAWEEER '

o HlHE L ToFRPMEORE
1.2.2 B8 L UNEBE Y 1 —ILOFHE

EHR e oiEM L HEERLTE, BCBIbL EAERT LD, VTV T—
MEAvVCa—F4 v FYy A7 AREROMELTFMET 2 7-006% 7 - Hls %
OVNEFSH D, BWHGO T UL ATHWLALEANED 20D M 4T % ) LR Y
AT L DR OFMFEES ELETLETDH S,

BELHAHEBEE LTHUTOL ) 2bonEzbhb |

o FH2ECEBALO 720 DA/ I EH O TS

o BUREROBAED 720 D EHALEM O

o VAT ADEEMETRMEOFM

o MBMET 2 — VO EFEESD 20O

o EBUE & OREBIG 2RI AR 0 72 ¥ O A J 80 S
123 EHuRELEE

AROLB O IC M S L. ABOFRERLB 2 ER T A ELTo—>
DEER>TWE, VPNMNTI—LFIv¥a—F4 vy Y A7 aid, TizoEBE:,
EHMICSTTILMBERYETHEEREORETHL, LAd-T, AREECH
RAEITE, FREEEEBOLDOF LB 2 A I A LA0HEFLEICL-T
{5, ' :
- HELHRBRELELTELTOL ) b oNErzohs !

o BERMLHER I L 2 @M T b A
o B G & v 7
o BRF| 0BRSS

o EBIBOY A F 3 vy AR BN BARRE

15




1.2.4 1EHOHFSBLUHNIBE S 1 —IOHKS

¥, Fill. HEO LS 2 FRAME AV A 2 HRPES., MBRoKe 70X T
HHLEELLILD, SOL) HERHEES T O AR BIT D L v BRI LT T
Wkkbiz, 2070 EARHIETARRLFEEMBLTIW(CLIERERDL
5%

SERT— 7 BV OFERERRESTHEO 20BHTHL, L LENFDL, HERD
THEOL REMERCRES NGO TH N, TnLEERBCIRT HC LFEER
Chb, Za1—F N4y b T—2 EFVEIBBNOIRO—2OHMEFL B T2,
THALER G, L BHOBREME TR0 DOHBBENERELTAETDH
59 o

SHOMBEY - WiIC L AW ABEIEELWETH S, b T LD
MBHE E 2 B LA TED,

Y LEBROKS IOV TR, EFRIEILEL OPRPITEbATHEWVWLD,
AEORARC B 2 ERLEROKEBEOMAEDERETSHS ),

EEAFEBELLTE, LT0L) 2 0B EXLRE !

o FEEF— VMR tOFBHMNEIETSHL —a—-FNVAy P T—2 - ETNE
w2 ER0H%e

o FRMEERIIC D &9 ERUHHHROKE
o HHRHESEHHT 2720DF A F 317 AEALRHMRBEL AT &
o NHOEMER BT B ERME O |

1.2.5 FE&HOHRIE

YPMT— N Ea2v¥a—F4 Yy FOHEGRERD ) L, FHREEGOMEL EHATE
YEELZLON 1 ORFFLHCHABILOBRTH L. B THEBN L VAT AL HE
TAABICE, ThOFEEIEL HOABRLBESEERREEZHEI XFTH L. LR
FE— s R—ZOHCHGIL R EECH L, 0L BRBNL, WAEVSLLERES
PSR PYT ALK Ao, 2 - HOERboTERER eI L. L
WIS T AV TY A FRRET A EFIRERE 2D,

BELHREELLTEROL I LboPEZLNS ]

o TEEMLRHBTZEBTLTLTY X A

o HRBHMLEVATFAEEAMETLI-DOT V) XA

16




o LT ABBO T TOFER 7N T) X A

o NHEPLZERICHET(EFTVTY XA

o HEIC L BRI ERER A EET V) X 4
o EHFMHEEFE U AeRET 2 HE

o FED/ DD EFT N OEIR

1.2.6 mE{EDHZE

HHRFE AL 7O L ARFEWIC A RBEO /DL AL LTEAMETH I LAHTE
Do T, Y, HCHBEORBEGAORBEL /O LA LEZL LN TE S, °O
£ rRECHEEBETICH I L, A%, BREEERELEL T 5, COREL
FOWB0CE, KHEETIY X7 A L CHEMICETTR S, EUMEE LR
PRS2 EFEETH S,

HEZHIAREL LTRRDLI b 0RHTLoNE !

o B E R F LI (32 —F vy F 72—V IE), %ﬁ%?»juib‘
HBEERG 7 L o) X A @ﬁ?»juzA&a®%$%mﬁﬁﬁ&

¢ Za—FNiA v b7 —rEx ARtk

o OB TEL Dk

1.3 HRX4yT 21—

. BRRREBEONREA V2 - VR RELHTT, 2200RAF vy T ol b,

MRAEORMHIC B W TR, P RREL  oFRAEICEEL T, #ERech
FCWRRENSEFTN, FlI2ENYy— BE, SERF— B, —2—FNViy b
V-7 X SEBALEE L EAEREH S FMA EOBRLAEBO 7 L—AT7 -2 DLk E
RO PTHIFMEIN, thoPRELL L [EOoALHE] OTFTTH M L2E
R oBEMEL, S -tRAZNL, FiF, BRESLFEE At L
DI AR IS S AR LT R D,

BEIC BT, ChoDIBHG LTI, FRLEBBERHS - tH L CEZEY
LHBREDTDDOMERMN LML EFVOMALITE ). ST Tid, FHliom
REDA YT 22 a kBl b2 oMAMBEITL ) CLVPBEETH L, T/, B
BRECBT D VAT a0 EBEL L, BAOBEEBREV 2 -V EBRO VAN
THET H7ODOENEE 2 5HE - TTLOMEL TR S,

17



2 RO HDHEEE

2.1 WMREOEMEH

YP AT = Fav¥a—5q v Z VAT AR, HE BTE, BEREOSEEDH
WAWE L, EELHE I THOHEZ2 - CA O TALHRELAE T L
toT, ANBO33 SR ERTET A, CCTHINEFERIPATHIERTD
o 610, EHROFREZOAROUE I AT L ABEEEEEA TV 5,

YFPLT = FavV¥a—F4 v leaRor S8 2HA-HHELRLLL0T
D, EMEN, B, EHEE Vo AAER, XAV TORRLFEERM
LTWad, LEd-oT, oA 2wWHr LTERT ANV T &8, FHERMRD
BARETH 5,

Tt R BRI, RO HRLBENOBRREBAHHDOEZHELTVINLD
T, BESNAEESE ., - BB X7 A, Zo2RER(F-5 - HR) - R,
HEREFES AT A, BOPREERE, I LV - YA Yy 72— A, Hib
A I 2 b—Y 3 v, BERANE L & SED TRITAV,

Mo Bad, (FEHEHE 0BH e R T) B 2 BRI 2 X ORI T
RBWTERTACLTHL, TLOLOBRIZNETAQOIESETH C S &R o2,
BBV, FLWIERV AT LS ELTHDIEHEINDEI LR A, TTTVHF
BEDBLTVWANRTR, V7 AMT—NFar¥a—Fq rZiIZsaEbLuHLLEE
¥ OBEET VT ALk oTb 2080350 DTHY, ZRLBRFENT -
Y OMA. HLVWERCEIE TS A AFERHCHEBIC Lo TRREL LN T AER
MEORMLERLTVRALOTHE, B, BREMOMEGEL, FHRENOLDI
EHCVATLAEBET A @B TNV,

FD2EPEVATFLOBEEFMEEL IS !

o U7 NT— NV FREIDEEY AT A,
o EWMIMANEE L AT As

MEOERT 26 0, EHR & ORBINCHER 8 U, RO LHEE

B TEALRLIGVRAFATH A, BEOBEKRTALOE, AHBEVAF LA OH

KENLERF v ANVERL, AHOBEDEXE - MLT2F02 LY AT ATH S,
T AFAERO I OOFRIEDFEMFEIE, DTo L) gl i,

.Eﬁ@%ﬁ@;ﬁtﬂi—yﬁﬁ¢§%§%®$5&?7$w%ﬁhwot%ﬁ&
e AR ke Ay i

18




o ERROMROBEMEHEL. FERDLADHBLEDEH TR L2 21E
Bt — A1 ¢, b A & RO B,

e ANBEEHFHOMEMETFLEHT L 00, FRRER2E ok ea—<

YAVE Ti—REYial—-va v,
o KURBFLMAEAT 27200, FoPTHoBRNEIE & KEHE.

L EAMIC, 2O00MEVATLALHBED 4 oOGBOBMRIIOVWTRLEL I,

BI1OVATARFIREY a - VELKEREOBMTHAS 2SN D Y A7 22 HIR
Tho EMFICH 2 AMEHOHTHEREN 1 20HNTHE, COVATFARE
HARLEEL, EUEAOHEEISLELHSEEFT L., HL2RRCEERT 5. 3612,
COVATFAREROERLET LWRIROER OB, EMFRI2H L THETE 21T
200 CORBHDIEYATLAIAHEE, FEl, 2L TLEETLIEMRORR R T
NiT b v, |

BZOVATFAEGBEEYV 2V BEABELOMOBHRALERL, FRIEBELPICE
DLOLEFHOBH AT AR D, A2 X EREBRILHFTEL, A
kA ZHEBE2CNIWTIEDTELH, FCRABOEBES, dWEIviERAT
BHoTh, ABLATEVE, ABICE- THEYL o T o hh4 HRBSRR S, ¥
P EROBEY BT A-DI, EEV A ABCRIALOANOBER Y ST F
HErERICEBRLEESTAIZENERSLE, 2T, COFTEEY 2 - BE2ED
VAT ARAMOHMBEER SR T AWMA LY VAL ENERETH D,

FVAT AR, BRATREFZHOMI Lo TWREWED ¥ AT ABA ORI 25
BREPLEBEENLITHL ). 7o EHBREINEO4 2OHEOVIARLILE TR
%o FHEEDOWL DOV TRBAD VAT ACOERTETHS ),

HEERVAFASERTA0ICR,. UTO L) 2B8EALETH I,

o V— VEEDOHME,

o ANHEZLREREF N LARBRY AT AHOEFEKEEC & 2 HRSE.
.ﬁ@%ﬂ@%maﬁﬁﬂﬁm?ékbmﬁﬁﬂ@\ |

o T —VEBEL ZACEKT T AR OE TN, G2 A= XL OHE.
%ﬁ%ﬁ?xf&%%ﬁ?%ﬁd\MT@&%&%%ﬁE%T%&O

o NEIOFET R4 DEMRALZ0ERZHEET L &,

19




o KENDT—# <= Ahblilid s ERTEE - IRT 5 22D OMKH R ARE
DEH,

o FouFERYEREL, ERFOBBRETHUTL2HMN I 2 b—T a3 ¥,
o NMOEFL EHROFEETNVEOMEL L 2O DOHE T

AR, WHOVAT AOERICEAZTERT A r VIR L, BB
DETAHESTFCTL— 2 AN —% % LTWAHPLVIREOHE, LFMEALET
bb. FOTV— I AN—RBYFAMI—=NFav¥a—F4 vyryofiEd, Thbb, iH
e, PR, EHMAEwILOLEETATHA Y MARE ST T A1, HA
DB RSB ONFCBI A7V T) X LR ERAS, LT, #EeRE
BEIET B, CRLIE, KR 2200 Y AT ADERICHEL L Bbh 5 5RE
Thh, COT LRI THHELL-ETORELYHE IO I AT LRI T L2EBRL
e\ |

LG OF i ERT AR AR OWTHE, Za— IV YXF A, KHEYRT
AR EOBRENGR S ATF LI LA L OPBES LA,

2.2 HRRE
2.2.1 E5huiBRLIEMR

1. 6 7 T I

%%ﬁ$+ﬁf%atb$%$ﬁbotDT%%%@E@%EKH‘%&ﬁnﬁw
LEGBBOR =15 54 2D ETHE, BEERCEIERTR. REARL
Vo 2oFIBESERET 5. £ OIRER, BENCESEEN S -V ERTE
BN SEERICERTAIFRTHARG EBROBMOMACE I 2B TE
720 FROREEOMRIERICAEDEL LV IIEMOWETH 72,

E{E 2 - BROMMER (B, . E, 8 X)), BEMEL LTERLS
NBEEVa— bk LTHBIICE#HENS, LT, TR ¥ ACETNT
HEShaRETHE, MEFROBELILET 5, BEWL2ASEILET
BD, Bicil, MELOERLYSET A -DICEBERCRHBEZEATLIZ L HLE
Thb, COHEOHEBRAIHBTEEEEU,

HEBEROEREE, DE2E50EHEOSRNCETLIH 227V T X LDOER
L. Wi IR EF IV ERELZ Y ROFREAVTERESE LA TV =
SRS TAIEC Lo THEL S,

BEFARETET %0

20




Eifg7 -4 0FEE, BCH#t,. sHovoT7TT) XA,
E{RIRRE O 72 0 OM{RES & BN S 0 a,
EfEEM T <, B R 2 EL Y %) BT oREEE,

FEMEOYERERO D ORI TCERTHELETIVIES (. AHOER
BIRO Iz 00 AMIC2 v T OEH S,

o A& D EBIMEEL R & i+ 5 AR,

2. RODPLTHEE

ERTREFO P RFRLHOBT, EFRABELFROV L2 Th b, FHEMEN
FHEEFEOGFLHMTE L2 o, FHEBI—-FICL > THRARIERE 2 5,

EHREMRORL » 3 1, BRLTEORME L, AResBREVIHNRTES
BTy FVrERESURREY 2 LOBELVIF LBV TY XAORR
PoELD, COFMRELXELLDITIE, UTo k) ZHSRENELLAS,

o MHARFE DT FHE LS FE ORISR O,
o HKHHEOARATA fE 72 HATHRHE
o BEFIFHETOEIRICHE L - BB LRERT VTY L 4,
FEHR BT LIELDLLRER ARERICESL, ava—y ta—HFHoq
F7 2 — AFEMPHRBIARTFIUE R v, T L) LffEREsETo s,
o /AXDHBHTET| (FFEZBOMENT) THERZEN. BN,
o FABERISHETVETFEH LHES L BIMERETIL,
o WET LR AO LD OB RE EF L OR,

. Fb i BIRS R

FEMF TR, BRSHETRESNIBALET -y a—- FILa W F— ¥ 2ER
ENZo LAL2Ao, SEETREM, KRTOMbndizbic, Btk 23H
BRHEOLDIEREATHILIIQRIILAY RV, ZOSHTONEIRE., X
Ta—-FIEESNLHRSHYEF -7 L LTEBL, NANZHMAEEYME T3
LERGBRFE AT AOERTESELTEHNETH B,

Fike D8 L & B B, AN SN 25 & BAI L A0 ETW
THEOHBER LRI %5 L) &, HASEOSEFETH L, A, 2F
FHCABIEOBIEDL, FhZhd s —V o At SR EGH SA LB AT
ERAHLDINBELEIND, UT0L S ERENSITLN5,

21



o KB OATE % ITHEMIRET & 5 FHAE 2 F5 CHEAT.

o KEOEFILHEDHNRSH

o FFTELHELNAIXRIOLOOBEHMBILT VT Lo,
o KRR O OMSHNBEENAEESCHEAREEL,

ETEHFREET IV,
o FLHAFRIM O BT EEHA,

2.2.2 X o uiiE e MERR
1. R & MIRE R

B R DM B RS T

HAE TR L0 FHOM O MR L 7R

135 BLAT %

F oo niEd, EERTER S WEREGIOATELT —F k). KBFD
F—SREFERENTVEYE, HH VAT LARIEERPTED L 5 2 HMNERY
B bbb, ZOSHTE, 2—-F-0RRELERCETTHECER
FERINLZOT, IREFHROMEREETH L, HROFELHP S, FRLETNY
B L R ET T8 MR-V VHOWAA A = LA bEL 5,
HEVAFLECBILAEEV AT ARBUELORBBMI AT 21, HiFfickoT
R AT LEEENY, EREL, HES€AL %, BELDRE2LT-V s
Y MEIET b CORBEY AT AEERFO—EMTH Y, B HHER
RO ERLHBWEEL 2 bo ST T HWEHC ORMFIEA T A0, B
WFh oML T —F T 0 F ¥ DBAHL LA IS OB % iFE, BT 58

RPEWNEET b,

PFoL) 2@ gy bhns,

o MABMMLBERSLHHOESL, I{EHEINTWEVWERICES { MER

PPk %N

o FHECHERMMR ICED (KO PRMERRT VY LA,

e ALYV NERNI—-V Y O TORTALL, Fob kAt ER

TAHLOORMERE AR LD

[ EE RN

o BEVHBHINTWIELDL L TORBEEY AF L O ERH,

2. RO PEHEW— A LK

Ao BEEE R, Bf, FF, XE, MRS ISEefHRcBInTnb,
ENLEHAERSAFHINTVE2LDEH58, £ Tovinddib, AMKE,

22




R s fEHOMSPT oM R EEBCAVT, BERREO-BICFA
WL F— Mo TVbLINAaLE, e DS, 3F T LR
EFLBPRICOHENTWAEDT, 2 ¥a—FRy b7 =22 oTERT A
DI, COEELEIED L LAEETHL, CALOF—FYIHKETAHAI LI
Lo TV &) ffEAE T 5,

LT O RREs T o5,

o H W & 5\ id b R

o FEMMOBHE LA D0FEETLTY) XA, FHHEOBEWONINE L A
k.

o HEMICEL 27— & a0 &IR L M OHEER o 1L,

o FHRE O 1O DHER,

2.23 EodPhba-vrAra71-AEYIalb—Yay
L Fbireatah

VIV T=NFarv¥a—F4 7 AFA0ENLMRFER, Ll L 2B
BRROMBLRGHICHAESASLRETH S, FLVIERLBREEIF LW ¥
Ea—% CRA AN LYANBRESH2TRC T 2 0L LTHBESRE, 0
E)URBETH, 2-F L LToABREEY. FE, FLEEVIL ) RBHRLF
BRIC L o TEIERE T TE, EAERMO3IRICEERICL > THBREFITRA S
EHFTEL, TNLOERBRRAERT I 00BEET AMENEICHEUTOLD
rEts

o NHEBOENGA ¥ 72— (BEY - i, SELWMBONY — L HE
7E) .

o [ABHEM Ao HRET VAT A,

o NHDER~HET A DORMITEIET Ve

2. v3alb—%ar

VFIVMT=NFar¥a—F4 v 7@, Hizhdialb—va yEHEERL, %
NIRFFEECHELMELB D0y -V E2—F ISR+ 5, & TH,
HRACHMEeET ) 21, WOLIEMAHERFEBOND XS vipBey 2
BeffB4200e LT, KBERISEBLROTI2L—-Ya V4 WEEE L, i
HoBHE LICROEE*FRHTELILRkB bR, RAOBSE P TkOTH

23




(B2 ITHHBE LKA TPHREY) BEBE Y Ea—-F YV OBEERCATE
THih, METLMESEEE LTHUTO R RIToS,

e BB @B I aL—Y g v,

o Bk - A A AW LRI FH & HIEH.

2.2.4 EohriEEFHIE

EHRCBWTERMCEET AR 2 ABRMGAY AT 22 ERTHDICE
KENAHMORMBUERETY TLHRFLETCH L, 0 Ry PIEOBRERNLEHTS
bo Th, BEEHEL, FRNCEZER A4 OXBLICHGE THE, 0L )%
VAP LG, BE, THO-DCECCHEERE TAEEBREY 2 —d bR
bo BAREMER., ChLSOEHABRECPIIKEGTAPOHETHY, EiRO
FEObETHEND TV EERT A0 BETY 2~ VAOHEEROHE Z v
BT EArOFEEHEPRTAI L THE, EER L, AL, Avai Lo
T & B EROBKL, WEOMRAOMOEL, BV I EOTE DR CEMOHRS
HHbLDT, WilOMEWBEA A LEEZER LT TREL 2V, BEETS
HREICE AT Ob 00H 5,

o TR - FEERE - HIMoX o0 e V7,
o EENMDEEH & £ S,
o TESET 35T T ORMHE & 5 RERE,

o Bk E LT R TR B 726 OB o -
1 & g,

tH - T8 = — 2 = v b ORI

pali]

o BYE9 2 EHER & PEREY = IR B 7OV O & S O R

2.3 HRIX&¥T 11—

MRS 2B a b b, B—0RBETIR, Y A7 L ICLELENHTER
AEBET L0, TATYZAORLE BETHEI T bbb, ZohLRRLE
BT, BOBEIR YV 2 AF v 2 K2R THEROEMB ST TR OBRBEN O
ZOMRBE %A, 2L EMEHRTE, Bt SUBE0EROMR~N—
Ao ), FNEHLTEL P EHERPEERBLOZDOHF LT A F4 7TOHEH®
T, TNLOFH LV TA T4 TORBLEEH M b, FRUEEL2LOT7 A T4 7B
WTRERERGLHHTRE R EOFECIZ2000EINATHA Y, T2, KHETF—

24




FR— 25 HOHBIET 2 HFEORRL F0OBBIEAS ). Zohhbka—I vy
TaARAEVIalb—varTid, AMOBERE TN ERTEMLERERLOMMRE,
CEFREFRSEER RN A A 2 AL DL L TCHLDMICT AT AR S
ntd, $72, EHBPHEBOEREEHWTOL VHEAZEHE b icLlLT s RR%E
FIRT AHMRERIC L ARREMOHET S #OWRERELA ). RO 2B
BTk, Bl RH, FHE, TEEERRCBW TR ) 2L BEICEFE OB
POMET B HEROELSFOMEBRELD 9,

E_OBRMTE, E—0oBRETREAIALBEFBELMHEL T MEVAT AL, T
bbb EREEEH Y A7 A L FHHANE Y AT A 0EFICEP ) WRIMTE DR
Bo TIEBH—DOMIEEE L TR, ENEETEMETLVATLADORRTH S,
COMEMRTCHRRINIELOFBEECOVWTRENRLEHAT DAL IHA
MBI P O E N HFETHURT A LS EOMRERICL2LTHS 5,
tDLE, HLOFREEIKE AT rONTHOERL EMRATHEFBALTIA
FLANEEELEAMME L LCERTATHA I,

E—DRETREOKISRENFREEORRE L BT, BN ERFEED
MEDL-OOWESTrbNL, AL, E_OoBRBETH TORBIREEYAT LD
BENFETH 5405 B EENTBECRRO D OMAE T bR b, _

BRAOHMEEHOP T, VPV T =L FavCa—Fa il SbLwiHifkn
YA ADEEO D OREMIET BT A2 X I a7 VT X A0ORRIEE (12721,
COEBTIF L LT NI X A0MBmHERILT LIERS L) | HiRoX
B BmBERc ko dERa v Ca—7 4 ¥ 7 HMEROMER. HiTebi
%, |

LA Lads, HenfBEE 7077 A0RBB FRICRELPZENARET
Hho CORELOBERE, AR 7 5 ACHBEALIBEVIEEBRLELTOXEE
AL Z2N~ORIL, 20, ERRIVYa—F4 v ZICBEET A OHR T
TFTWhPEDET L= AN %L LTWAEP, OVTALOEAD S ZITEREA M2
nEj,

25




3 BUHLIT LA
3.1 HHREROPEH

Y7 T = FarYa—F 4 YIRS REERLHERBEHN» ORHICAET S
HEOHRMAPERE L, VTV T—VFav¥a—Fq Yy FOBRAE LTI, £
LAk B BE, RO ERLMERDE, Rohda - A7 LY
Sab-vav, RohnEENEE E85H 5, CALOBAEERTALI BV AT
Lid, MELDEVa— Witk i sSRh, EVa2a-VlldAVREV2—-VHEVS
B4 e Lol CoOWFS AR Th D,

LI EATEES, $FA 7V 2y MR, F-F7a—, F-FiEH, Za-—
SWiy bT—2, HBEEHERME, Vol op0IEFT F4 ANFRRS
NTES YTMT—NFav¥a—FA V7R, TOL)RNT 54 A0MLGDE
WIDEBRENLZTHSL), YTV T—=NFavEa—F4 v rEonizcnid%
ZohRBHRABEIIEVWTE, SFEERNF IS LACESVLELL D Lol
Bho, CNOHDOFLWAT YA LEBEFIVAF L EHRIGESL, EEROMEYR
ERMGEENCEDEBAREERLELT 5, col ik, BEFIZ A5 507
VFNT—VFavEa—F4 v RETAEENT -2 ERT HLDICRATR
THoHIEERLTWE, $7220& ) 2 B8EFIY A7 a1, BHEAT VM A2HER
CETTALIIRVATFLATHILERS D,

YZVT—V¥ar¥a—F4 yFOEEREL L ToOBEF VA7 AREREHEDR
FHTHHLEFSHDL, N—Fr o 7OFREHCEL TR, MEEELEEEFERT
b, T—F7 7 Fv0BEbowt, BEFNAFLIELONT T LE2PERK
ET oML TETAE R v, V7 by 7 G, HOMREE. ®RE1L
hEOBRETFOLENS D, BT AF A RFEZMELEB LD, FREEFR
Bl - FREBRLERE L2, 20X LEA»L, AT 0T T A
CBTABEFN AT ACETAMETH, 7—F 72 Fx, ARV—FA VIV AT
L, SiE. FLTVATFABRBORELNRET A,

3.2 MRFEE
3.21 BYHNNTFP—FFIF+

LFeRs b ol NHOBEF Y X7 AT 5 72Dl S 15~ & FEEERHAN
Thd,

1. 7N
BWHOST T b e F— T DRI REFTEF MR, SHEFVEN—Fo =

26




7 OMBEHED B feh At Thdb, t7-EBRGEI Yo — 2 EEZ SOty
e GV S o Sl E BTBLIBTLDENPRETH S,

LT=XTF

T%70F v BRALNT I D ENERAYR— T O2LENDHD, Liodo
THEDIHAEZEALbOTIEEL, AT —F 77 Fx TRiThEE L2,
BEFI Y 27 b OB HEROZ- DI, BROF /A, AR R EERN + EE
LIN— R a7 7 =572 Fx 42T HILLEETH 5,

3. HEAEN
HERGHETIEEE L AFoRR2BEsRIEL 2TNITE kv, T2, BIH
ZBMTAE. SR e, SN ETERNEL YR T ALENH D, EE
HAEAEERE YY) 2V ENC LA ERAF TR EHERE W T LS B R
ETH5h,

4. EEN - EEE
BIEF| v A F ATTREAND LT LEBEICHA S L5 B — Fy = 7RI OEE
A s AR RE R b v, YATARBETAERR., ACSZH. AC8E
BREEPROUEND L, VAFLASREAVYFFVADLDLOT — #79%¥¢m

BEERbL, Y27 AOBRESERLEZTRIER S v,

J7NWI =V Far¥a—~-5F4 v 77073 ATHBSINE VA7 AZEOBIES
VAF AT RITE bV, JABRERONRT FA A en—Fy 7 BETEF VK
V7bﬁ17%h?/k/7?% ETHERINLI N"=F o 7HAEIEHLsD 7 A
FOT TV = e v U THIET AR O L AT 51, ZON—FYx
TRAHEEZ AT t#?%%f%%oo%ﬁﬁ:/t;wi4yﬁt$wfu g K
GEDEZa— VR 7O APWHHMICETENL D, BEE 70 EAA 1 v FH#E
EEI A RRAAOBEE YR T 2L 7370 F VAT AL LTHEN
WWERShZITRELE L 2w,

O ILAOFHFICBNT 10* BEETuLyHiF270bsy 4 7V AFADFHE
ENB, WOPDON—FI 2770 b5 A 7E2RETHERE, Chbo7utry4 7D
PH12RBYT Py THRECHIEEEBRIE T A2 00 T 5y bd—a b U THRETEME
Shs, BEFIeF L REEF 7 — %5 2 F v CHT 5 EBR L AT b a4
BHHD, 7077 b0BFCBNTIER, 108 EES Oy 42ROV A F AR
HffdNnd, COYAF AEBA EEO I TL TV FI v a—Fq v iyoT7 7Y
Fova v ERHTETUTRLEREROTHL I, 207 —%F7rFv 070

27



I ABW TR S RAT LWBHF I vy Ea—F4 Y EFTMRETVWLZLOLE
LTHH, '

3.22 ARL—TF4 LTV AT L

FRV—F 4 v F VAT AOEERHRE, FHERELEF 70X X LR
BATa2r, A—Foa7ofMENsL4E0Y, ARBLVWAYY—Tx— A%
WETHZETHD, BRFRBOINV—F 4 ¥ 7Y AT A LR BEFA V-
F4YFYRF AL, TH, MR, SV FA—F Y AFATHEERER L v, Bl
FIVAFADA RV —F 4 VT VATF A, AR TREAREVANV— Ty b TIET
BEET DS LR TETA LRI AT R b2V, EROTu Ly R ER
o0, MBSO L) BB LEECR2THL ) BE L DILIIE
SO ADRBEFFFETLAOCR, ARV—FA YT VATARTOS T AR
OEESE O RE L EARCBY A REFES2TILESD S, Rtk 7 v— 7L,
BIUEEEABDEONA VoA v ek b,

ARV—F 4 YT VAFAQOVEDOHKE, 7RI TSI ARESR
FF a0, ATFIYAFAOMBELVRAVEBDEILTHL, ZOMRILEE
BT, #RV—FA4A VI VAFAREROTA FIAVRREHI T, B2 —F -
Tay 7 AOBAEERT Lo

BEFIVAFARBIIB ARV =54 v 7Y AF L OHRREE LT IR,

1. WEfREHEE
7Oty FOFRRLERLEEL TBENCHRSALERY AT A2ERT 21
DIk, ARV—F 4 Y VAT ARBBRABERSLEETATHL ). BED
BERBEFIV AT MCEREE L 20T, Y77, A= Fo 2T,
Ve RBREL T 2 BErLETH B, T/, BHEOFIER ) 74 AN
o s YOETBIEE -5y FEUBT A EFERE A LITAERLE
Vi,

9. Ay bI—2ER
ERELHENV - F 4y T. TRy, BL Ty Moy s BEE, R,
FLTHBORB ., EHa iy P72 BFHYATARHEATALTAIEIED
vy,

3. BHREHE L AWSHK _
I AF AlcBwTE, RcERT -1~y F, 72 A0HR, £L
THREF -y FRL D RELZMEBELZL5THAL ), ChoOMELHRT L

28




B, AR —F A VAT ARBHNCEERHREINEL., FETHNSH D WIE

GRS BET 2 S EAWEETRITRIE R 5%, IFM R Ay ¥V a—) v 7 RAMN
SOOI, AE)ERHSHERERORB/IIIODWTHRAT 2 LERSH B, o2&
A, /R=V e FERER., REERBO7ATF 7L TR Y Ea -4 ¥
AFAIBWTRELEERDE, ChonFlEmdEF Ly A7 bRFT 5
CEHBETHD I, TUEy HECORME /T VA BEELDIC, TOERY
V=T EMOTOEy OESGCBEIZ A EDEINL, AL SO ABE
RXET LI GA—FOLTH, ARL—F 4V F VAT ALRCELETS B,

4. &M
BEFIY AT 2BV T, BEEBRTHIAIMBUELOHIEREZFE TS LI
LHRNTET IR NE R O, Lizds T, EREY AF A AT ONE
ELTHRILEF DA, MEXEBT L2201, SEN—F 4 Y FRBRELEL R
Bo MRV AT ARFEELERT L0, SELZHBN—F 1 ¥ 7 R
BT H LAy P 7 - ER VAT ANCHI AT AT RITER bRy,

3.2.3 HBEFIZAFLIZHIEZSEE

BEF AT AIBTST7U ST IV IFHETR, BEL DT 0L ADKEW AR
L= a YyORBFTRETCEZTINIE LS kv, W20 T FL AIHEITNIZNLD
POSHEVMASNLERETH A, MEE, TV LHH T2 HEE VA7 A0 R4
RELEFIELRARBCHARLCEITT2HETH2, TOLIL VAT ADI—F—TF
U7 AEFECRERZDDE RS ), REELRIEHN 7075 A0%E. Rk, FER.
TNy, FLTRTE, BRIVE 21— S BRIV BRC25THE, BHOS
Ty IR RE 2 fE4 O 2 Vs VER S ETHLABOEFEMEL 2 ide 6
Ve EREMEZIGAPRETE 2RKESHLHOPHRT ILENH S, UTIRT
HHICOWTHIR ST %3,

L

l. FeEET IV
ERETNVEMEFIL AT ARERINBRK LT U T IV VY EROZDORR
EFNThHDL, SmET MR, BECHE7—F77F v I LTEEHN LTy
SIVIOMBILEGSR B, FOEFVEBHMTCEHEANT -2 BE Y &R {+5
K7 —=F70F X B 2T % ohv, AR, V7 b 7070ss3y
FEEBCL, THENARD, BRI T2 2FRLBEL 2 TRIES
Lhve, ZOLIEUEER >V LOo0ENREHE LT, BHF 7Yy MER
ETFNBRETONL, SHETNVOMABICBVT, FREEE. BEANE7 73
VEREBRTBETI, MEPY TLy Ve vt T A EBE R EET & TH B,

29




WA TV s beavda—F 4 Y 7RBICERN S ED TR L2 50 RED
BFFe ¢, e 2288k L T4 7Y 2 7 MEROIRITHEI T B IRWE
HOGEENEL O, BRICBTR) 7Ly vavy0ELHR RECHHT
079 hETORMAETTENTERT A ETHE, V7V 2 ¥a riE, BFIL
BYAFACBVWTATYa-) vy, BE, FULTAMGREV -3 EE TR
T2 70y 3 v 7EEOEAADOHEICIIN ARSI EEZTHEICT 5,

BRIV AT LB AEKEESE

REFIVAF A CBTAERESHERIEA /0Ly 4Oy — VBB TOsS
IVIYORGELEBEORBREOYELZEHNE LATNREIEL RV, W 27D
EFREAG S A4 A ETA L 2D OFKESHFERENETHS ).
DL GEBEORPO—D2DENRFEME LT, W77V =7 HEE, B -
EEM MRSV 7 70— F 2 EDICHAGDE LD LRI FHEVH LT
HAHY, DL LEAESEIL 2r0oblilE Uy 7 I Y 7 FEORRE D
LR INATHS ), XBOEETEIC LT, W{2»r0ERESHELBITS
FEM LT O Y S AR RMET B LSR5, DEMLBEBEO T ¥ 8
ANEME, LY EAERZEROFIA*AET LI LB ARITRERLR
v, EFIFIRFTROHAMAD R TIE, RAKFTEDOGH - P bHEI D, EATH
7V MEASECELCE, BEOF 7V 27 MEMEF NV TIRE TRV DL
HzZBLTWLRNED, DTRRT L) RBRFLBELLRETHD I,

o HELHEABBMICOHT L LT ERROEA

s BADR vy —VERV AT A

o ATV FEES - BLEEELDDELTY T LY Ve YBROBEA
o A7V s FEOMROBEFTH%ILE

3.24 VATLERE - FOIVIILTIRE

1. Fury g3 vr5E

BMEONTFA bk YE-+THILICLoT, 2—HF—Gdwiorh07urs3
YIBEOPILBINTEABERAESAONL, LI THENRTF V1D TN
FIIVZEYR-NTRLIR TSIV IRBRORROLERY D D, TNy
7, AWOHO T 57 4 v 7 BRI L DERLEN, BEFEL 0V VLT
THsb, cROLEN-FI 7L Y E—-MINLHZD, Cﬂ%@%“}k%%lﬁﬁb
T7—5F 7 F v DEFI TR bRiThid R bk,

30




2. VAT LARRERRS

BIFI AT LADRBL YR — T AEREICHTLIERIERD LD LIIRE DS
LoD EGATYS, DEDSBMEEARICNT IXETH L, HELESBO
I O, HEYE. BWAWTR. KBESL2 2S00V {22 0HBIK
Y5 ERPLHBABRE SR B ITRET R 5 RV, HERESHEOSRN L85 & ik
e YA7AL"VoYIab-Ya YURICFHEI N ALERSH L, VLD
REZ Oy HO7-37 2 FYRBOTETHL, BT VAT LICBITLE
E7U Ly YOT7—FF 2 FYHERICBNCR, HESABLEL 3T ST YT
VAT hOBREMEFFIEE L. BER 70y OERHEREFRES TV
Badk 6w,

3.2.5 AT LD

IGHGEE, V7V TV Far¥a—F4 v 70k 0oBIFIstE0&E M % REE
THLDIRY) LY bhaithidebhv, RESALEF VP LIROLRRE L FHl
T2YIab-vavid, TOLHIREHO—FHTHE, YIalb—Ya YEEENE
EXMOMEGARELT 2 L CERMLELBEVEZTFUT A LXNTRRE LD,
DEDRBEFN VAT LDOIGHE LT, ¥4V I by ErZRlons ¥4 aeHn
L5t AEMELMED A VEIEAMEL YOUBERITE ) BT bn b, T
7o, BEVHETELVEENLHR 2 RRT 520 0ME SR o420, £ITX
ALY 5 AERRNELERT A2 WAL L IR VIab—arvdHrrlichs el
Fahs,

3.3 MEXFT1-0

BEMCER I REEEFIVAF ARE A4 — ¥~ BRSOy F 2o &
PRSI, LA LLds, 20LIRYAFA2—RRART 20K S 2fakt
I EEILND, LEPFoT, 7R 4 MM LHFMPEEL LB, 7O b7 A
TYATFLABCDEIHOPETHEREINL, ARCETAH L LT, BAEFIATHE
LEM LRV AF ATERSALER L OBBB L O L 22 THA D, Filihi
DESRTROCLERSH D, VI b T2T7THREDZODOY -V RT O DO LS v
74—V AT ALHRBENEINEN DL, 7TUNSA T VAT LDV EDHETT Y
FZ7a— AL LTERE HABEINRLITHA ), COTIy +74—ALETOVT b
THZER, AR 707 ACBNTEHKEFNETLILDOEEL LTALICEETSH
Ho MM E VAT LIIBEFI VAT LEZ 2SSV Y AFAEDHSICR D,

BAEF Y A 7 5 ORI, DUTRT LI 2 2 BT 22 845 TE 5,

31



1.

Hi &
WCODPDN—FS 770 oA T AF AN IORBTCHESINS, 7O ¥

CATOVEDR TSy b7 — Ak LTHEN MRS RTRE RSBV, F0EL

MoTa by 4 TR MG, REHLZBEFIVAFLAOFHBEERL &5 L5 IK8
B BB S AT R b, BIHORTHIZR, 77y P74 - AV AT A%
St TUbF AT AT L, B Y AT A RRET D L) U ORME S
N2, MEFOEFLET—FF 2 F¥ I T 2 EBRFEIBITL THED GRS,
EERARV-FA VI VAT ALHATA2MEOEERLEDT I v b E—AHY AT
ATCOERLZ I THEbNS, BIEFIY A7 AD7LDOIAN % LESTHEORT
FRRSREOCTT b, EEEFVCET ABARICHER OBAESHEOM
FILOERLRUTHLDCT bR L, BB TEROIEAMELRIRT %
HREbN LIV OPOHKETRER IR V=T 4 VIV AT MEIT I v P R—
LEREEEATHWRITNIE L LRV, W 20T N4 LHFHRPT v 54 A4
EOHEMRINL o070 oA PV ATFLERACTHSEE NS, FTLna—HF—
FursIvrBELT, BAA—FV—0RTF T Vs P ORABEITEFERIC
TaEOARISARTRE R bRV, EESEO EE, 2 —-F-0ERIE
U7 MERMOEAKESES R L 20Tz 6 hv,

. B

By AF A, WIHTHESIRZ7O ¥4 TV AT LAOFMICET T, &AL
BIOY I LAOBETHIEND, BBEV AT LAEMHET B0 OB L & 514k
. 7R ML TR LOEPHEREND, WM THES LAET LA,
By AF AOBICBWTHE NS, RFET T 7T AOKETE, BT
Fe S NIEBFIE F NSV LTIV A F AORBCES LB THIE, A
WMR7079 AORETHELN-HRHKN 2 RELHREOTERR B T ALY
DERBTHE), CORBYAFAEZ2=FMYAT A, §biT 120
RAY A7 hE LTHESNS, BB 2RBAEFIVAF LY 7 7 = THI%R
i, BEFIDT AV—F 4 ¥ 7Y AT AREEY AT LOERCEAVEN B,
SRS HEET N OWRIL 2V TOHMRSIATL TiIT b b, Bali{ba /91N
DHWICBET ATMEORBER7I v bF—AVvAFALIKEEI DL EBIT, ®
ByAFrbETOTR IS A ER S, & 50, WS 2R 2 0ICKRBTES
70T bR EREICAET 5 TEPHITONMA MR L 2T AEL 62,

KiFge 7oy I AcBNT A4 OfEE . S OMEFN P77y b 74— ALY

AFLEMIT ENTELRTNRT L, ChE, IRFTE TSy b 74 —AL VAT

AYERDOFEG: Yy PO - TERC L THfEL b, COROLORY P —Z7RED

32




EHHRCBETAIMAEMB LA IR RIE RSV, X615, YAFAY 7 b2
B, BEL—F—A 2y 72— ARBEM/DORTRE VA7 ABEEEXET LERD
Bo VEBOER7U Ly 4 CHRShAMMIBE TS v } 74— &Y AT A% KHIRH
CRETDICLIEZERZONDETHA ), ZL{ OMEEVHBORINT CHETEL LW

ST, BRIV a—F A v O ORBLES L ER Y5 . KR TO Y
SADHED DI IERICBEETHI,

33



4 Z21—FNWUATL

4.1 HREOBHEH

HEME OMEEE D) 0 YRS — MIEBAT SR D 6BV b B b b,
WEBEDFS N2 v ¥ a—F 50 b5 FHERB L) AV DS, =a—
SVYAT AW, EYEEVTWAHSERELHET L L) CBEINL VAT AT
B MEBLACOLII Az 2— MY AT LI, BFEOCHRLA L FmACMAL,
HELEIBECE2TH BTSN L, =2 —F Ay b7 — 210 X 5 ERLHEIE
Hansnl, —a—S iy b7 —2 Tk, SHOEMEMEL Yy PFEELVIIER
fEHABmA TR w02, [HALEE] OFBIC LI > TRAEZIToTWAEATH b,
2o, ROV E2—g T 7075 AREARETRIEIATWLLD, ¥
AT BHEE RIS AT ) B, EROBENSELFEE AV L S L HTRRTS 5,
DL RBEEPE, T2 -F NV AT ARELPLERLEOT Iy b7 —ALR
W12 LEXbND,

TR, BABh—a—3 WAy b7 -2 FREINTETEY, Ny —VAE, ik
M BT 2 ORE:, SIAARMBRECHELTVE I EMRIATVAS, LiHLE
B, FALDERY b7 — 2 @R R 7 7 r—Ya VICHESIRADDTH A, £
DT TV r—va ryr HASALZa— IV EFVEAFCHEMZLOTHY, F
BHERIILEAEOWS, Ay s 7uny—Ya vRRAL T, EorefHiad
DEBE., BEO7 TN r—va v EBLTIVELVLEOTHY, Fed, Hiok
Za—=FNEFN, FEHE BCHBEe Y Evol, Z2—FVAy FT—7 O
7oA I DWW TER L 2Tl b v,

SHHTH, Za—FVhiy by —sRERBO o —F hicHEFESh, Y32 b
SaviiThbaTwad, FIAKEELRAY PT—2KB8WTR, YIalb—Vvavy
HEEEEICEY, COMEEBZLIAMEN Iy Ea -2 L YFRENLTS
BIM, DA EEMBABELEEE TS, EENA-FY 7 ORBEIEINLTHS
Yo

F7OFSACBVWTiE, ERFERTHAET 2RO RERLE Y A7 2 21T
Ao ORBME= 2 - VAy T DOWREEEFERLZV, X707 7 ADHER,
Fitrhma—FNETFNEEETVIEN=Fy 27 BLT VY7 b7 hblbza—
SNWYATAEMETHIETH), Za—FNEFVORBEIATOT 7 AOEER
F=ID12THb, FOETNVIE, AREOMEEBC L VAEEZFELIZVEROD
s BRI s €2 2 LR, A=Ay b2 H— T
B 0THINTR LBV,

N FO L7 VAFARI0 ALy FPO=Za—F Wiy FT—2%FE—FL,

34




10 TCUPS (Tera Connections Updates Per Second) DLEERE % ERT A EA°E T
o, EEETIE, ZorLERLBL2ERTALD, =a—JF VY AT A RIS
VAT LPREENBTFECH D, TONLD, 22— I MV AT LEBHWFIVAT LD
WEER, BORHPOHED A = X8 e ME L TBLLEND D,

4.2 MEFRE
421 Za—-FIEFI

AFuVzs b, BOARERYATALERT A1 0O k=T VEF
VERBLIIELTW S, L0 BERIAF AR, EEREOMEMER L Y EID
MICHOOBEXZZL 3w K-z -5 VR y b2 0L VEHERSE, 2V b
7— 2 RERMBERICBWT, #ifib 1 ZEH 5 ECHERLIC X vEMIcRET 5,
L2L. BREBLICEFELTVAERETRZVI DI L@ 2o 2w, Chb
DEREWMRT 720, Ay bI— s RUTORMEL b > THEERERITHE, T
bbb, TVa—- i, BBHOEEL, BLUBRSLTH D, LLofFErERT S
2B, WTIRTRT &) 28 HEOMAILETHS ),

. Za—Oyazy hEFL
R CRHEME - razy FEFVSFEIA, BALMROEEAD AR TE
BERH T, IhEHEI N2 — 0V EF VOB LBIELERT S
FEbha, HiiE, XA a—orEFL, BEH- -0y, Za-0O VR
BEX7FN (ma—0riifmBEEEAREShs) 2EH, XhEkchicza—1
Yazy PEFIVOBRHE LTREINTVE, BARINLOWHES LML,
Fizhma—arazy FEFVERBLEITRETE R L2,

2, Y a2 — L& BB |
EMFCHHEINIAME =2 ~F VR y by — 21k, S5 OMENH 2T
BV, BIBPIRICE > TRy b7 — 2B e B S E LML 2 LEFD 5,
0L pRIN TR, BEOMBLHEET 2 L nd HFrcmE e BE L, HEe

FMERI(WIHTERIAGLETSHS, CRLLOEREWHTADIE, HFE0ET 2 —

WM BB LM SnbithiT et b kv, Y a— 1L, #EELB X C#iEal
DIz DHHEBIELFEGE AR T 2 LEFX S b, T0L0 LT o
CHELTEETRETHD ), '

o NERBRIE~ D@ & I RESLE X UTE B E o

o EWRE OMEFEHCLA=2—FNVEAy b7 —2 D BEMNKE

35



o HrhH I WG HEIEE RV ET 2 -V
o TV a—VEHMEER
o TV a— At BERBHEEILEFNT 5D DOFE

3. #E e HEAEIL

VFAT =N FavPa—F 4 vy FRBnCit, EHMEEFEECEETH D,
BEOMSLHIET A e {HrHN@dLanTS, »po—EHEZRLLLS
BMAEOHNBOYERET AL X 2EUIREYHART A EVEETH S, AHER
Za—FhEAv b7 D&, BRV-TEFoTWE, BEX=a—-FV%
v M7= 2 By YRBIIERTHIOICHL, VALY P22 —T A Y
b= IRy R My VERICH LA E ISR,
DAVY hZa—FNERy P, GIMNTEROMBIEEERE T 2720, RE{LHE
CHATELTHA ), YA LY IFZa—F VA P2 5B I0EUECES
TEELBEEATEEDRL, VALY Ay b7 -2 T 58 PHCH
BALOBERETILEND S,

Fy b0 bR Y=Y L, PULRAEZRETHIATRDI IV T 47
WHENRIA—FZBRTHELNTHE, RALEHTHBA Y 7 — 7 2EETLLD
OFFFEIPEREINETINIELORV, #0L ) %42y P72 HEEFED
OOt ahRE ERBOL AR, ULET ) 20 TahE T hid %5
/'R

. B

B A—S Ry FT7— 2L RN SR B ERH B0 —OTH D, 2H
INH - RIS — v B4 R ERSSEREE N, NA My FORETH
BT bND, THLERBEOFEAEZARICENE TS IC, FoMBEE
BT 2700 TZMBErHEI N LERD S,

_7+u¢:y81~?47ﬁ®ﬁt&ﬁﬁ

Za—5 L VAFAOERLER, VAT AN D7 FOrlkIRENYE LR
ELTWD, ZORAPE, HFANELEL, 22 -F VY ATFAOTFUS D
Y¥a—F4 Y ZOFRBRIOWT, B ARTHEEE 2,

L RLEDBNRT T A ADHE

BubNI A4 DEHELLEETFVCET ZMEFT 2R ZT NI LR, #l
A, Z2-F WAy PU— 2 LRBABRLOME, Sy - YRBEERFLAE LD
MAEEDLEREN, 22— FVYATFARKEATAILTRDLNL 3. MBEETNV

36




b F) L ERERSE AT s it hid e S v, ARAORBRIL, k423751 A
EHETEBOA vy 72— Akl b, i, 22—V vy VI—sDARNE
BWOBERE, 2y b7 2 ORBEINCKESEE TS, LIF-T, =a—F N
YAFADORBICEBLTIE, ABNIERCET HEBHNIES L UERNYE >

DHEHFREEEL 4 5,

4.22 Za—FINVAFLOIN—KIJIT

Za-FNVAFAON—Fy o7 d, SEERE L OMEERIK L YRS R EIN I
ZRBEBLI RV 2 MEE KB =Z2—-F Ay PT =2 %Y E- LR
TR bRV, Za—F VY AFARMI00HL2y bOZa—F iy b 7—2 24—
FERETHE), TOEI KB E=2—FNEy b7 -2, 1000N=2—1
-V#%ﬁﬁ%éntﬁ?:1—§W$vb?—?#%%ﬁéﬂ&ii&%@ﬁ&éﬁo
B L ¢ 2 0BERE I 10TCUPS (Tera Connections Updates Per Second) THh %, ¥
HAn—TFoo 7o wTid, ﬁﬁﬁf—;—§W$wb7—7%?mﬁ%ﬁmg
RTwhnwil, BREBWTHOE I LTI LHLVEFIFBRINLTHS ) L
HTEREBLAEIRER LRV, a2 - F VY RAFAOT—FF 7 Fvid, DO
WERM O D AL VAT R AT b v, FfE T ST AOWHER TS X
XE 7 -7 0 FyRETAIMENVERS N 2 LENH 5,

Za—FMNVATFAON—F7 T RULTOIECHEHEING,

e Za—UT7sEIL—%
o VIS =a—TOFv
o Sa—FViy FOTHEMER

2207 RS V—FiE, 22 -ShA Y I UBORHIIHABERLIERHO
WH 7Oy HTHE, ZLOT7—FF 7 F vy FREINTEY, FORBNLLO
. BEOELZE u Lty d2bhk ), 1GCPUS 2EBELTwA, VISIZa—uFv 7/
Boa—vdrazy b EFAMEVIab— T boa—0y2ny fON—F7T7 R
bibe Za—UOF v 77 %72 FyxOEBRILL., FPIVAERFy T b7 )0
TRBFy TOHFICETRATV S, 3SFHOIENERO7 7u0—Fi3, =a—3F
VAy bU—sofERr o —O vy PEFAMEFEDTIIN-Fo7aYy s ¢
TFHFETERTLOIOTH S,

PEog77o—-F3%BEND, A5— VT4 HOWTEFRLFROERE DL -
THEY, WRT B LRATETH S, Aa— TN A FARBVWTIE, 2HFEBE
U3FREDO7 7O —FLEHAYYTHILET S, COBESUTORLEBRAELLN
5o

37




1. FPZNVAFma—OF v 7
FUy VEBET A AR EAEREOB S LW AW TS OAREMAT
B, RBBEYZAFACBY A ERENLLIICEL T, 7Y ¥ Lo o — [
Ko vYao—yoRERNir BEECET 2 LBURTHE, ERO7 TU—F
i, SVABEETFVELFRTESEL DN -V a YFRESALTWS,
CHALO7FU—FIlI V- 0F v 7OHLWEEFELAZ LRSS
LI,

2. 7rusEE 2 —uF v T
THFOF VAT Ak, BWERKIS RV, N— FYx TARONIRATEETH
o CHIFKBEEA Y b7 -2 DBEARBEBWTEFEECHEINTH L, EHITT
O, BAy FT—o R, ROMAFRAZ 200 L) kR = —
FhAy b7 — s REBTATRELH S,

InNAT)y Fza—afv7
FIINBIUT U/ ng4 @*U.ﬁ.%ﬁﬂ)ﬂ LlenA Ty FFy TEHEZBIL
LURETH Do

4. THMEH
Rl zma—OFy Fidoa-—0razy hEFLREEERETAIOTH S,
CRIHL, Ta—F WAy P —s OBELZERTLILOOO7 Tu—F b1F
ATh, #A, “a—oryazy PEFLEYIalb—-FLEVWREN-FI 2
T BEMDLEI 7 TU—FTHb, TROLOVAT ARHM LB DK OB
RELiICL DEERENS,

Za-S WY AFATR, BRANCETOZ 2 -0 YEERNICERESE LV ic X
LTWwah, MAEEEAY Y I9—2 - 7377 F X REETLOEEL RS Y FTH oD,
BHHEEFAE HEEESENR LN, COMBINTIEIOBHLE 22 THA ), #
EF v P2 ORI EEHM ERCBRED B, HEAy POV FiER, Fv 7
RHR—-FOEHOFETRIL, chbr, BUTIL-D0FME LTI INRT—
VTORE, SKT7—F 7 F v, KBHETELORD, $/, BFEOLDOER
FLCCAD R Y ) avya vy i3S BEEL B bhb,

423 Za—-TINVATLOVITINIIT

Za—SNWYAFAOHMRBIUVHRICBWTIE, B4 hoa—F WY 7 b 2T Y
) X?Aﬁgﬂ‘ﬁt éﬂ%o

38




LV Iab-vE VAT A
S2=I WAy PI- s OWRBILIUHRBICBVWTE, YIab—-Ya VAT A

BEELY—NVTHD, Z2—F iy N —2EEOREALYEHMENY I 2
V=2 o Twad, KB 2 - VA vy Y T—20 DO OFEKBEOD A= 2 —
TNV I V= IHFEA LT =N ERBTHD ) COLIEYIalL—FIHL
TROGRLER R, =¥ o, R, FHroa—-FAry72—-2, &
ik, BELI-F AV FAIN—FrEhdb, X, Yial—FIZiE, v b7
7 DNRHBERHET L2200y — VM INE R TWE I EXFESE L,

2. 22— VAy NI—-LDEE
Za=F WAy P MIE, BEAESECL - TERINEIRETHE, OO
& 5 &%Eﬁ'@;&%‘%@ f:y)\ H_F&:,:f{'j'b}f%?u—v‘ Eﬁ%f""\’ﬁ“ﬂ\ﬁb &5 5 .

o BIREROEE
o NZ Mw oy FEMENTER
o IRHBTO YT HLOWE

e YIal—#4LOKes

3. ARV—FT A VTV AT A
—HRHE, N Fr o702 —-0yEiE, a2 - NAY TS BIT A2 —
O EETEL, LT, TOXyy 74805 00REMBESAZ -5
VATFARBWIREETH 5,

¢ Za—FNAy FT—FEN—Fr LTIy Er T ADoK
e BRODAy Va—-) vy

4.2.4 BUI S 2T 4LEDHES

Za—FNVATFAR, FREGHKLE 2 —-F VT T VAT ALOEREINRLITHSL D,
LpLads, Za—50 Y A7F0E, 73— 28, ERER. REMGE08EX,
BEUMOBHZIEE L Vo hBHAMNO DO 7Oy OV LEDLELTHS D,
CDZELEL, Za—F WY AT AFMBOVAFALFESSHIVIRFES S NLITHT
ZHRVILEERT b, MESPOHEAE T, BMALKABENELZONDL, TT
CRESINTVIMABRCELUTOLI 2 b0rb b, BHAOH 22— Viy
P FEBAEY E LTREFIVAFAQEEO Ly FICHESINT b O, Bk
a0F  BEFI 7oty 3L ERELMECL > AMEE =2 —F VY AT Al
LTHFEITA L3 2 b o,

39



4.2.5 TAFLOFHmM

Za=ShAy U OMEB L TEF LR, 421 @RFIES RREEEEL
TORAPEPR I VFHHEN L, =a—F WA= K9 2T H 2205k L YR SN
bo H—OFMAEERIEE (TCUPS) i &5 b0 TH Y, B0 AFHE
CERRENBEROT SIS Y a vtk BbDThb, NVFR— AT TV =V 3
VTR, BRAOEELIFHAEAKESNERETHS ) RELHRA A -V OR
AERNYF—-r O TFLOERTH L,

4.3 MEIXAFT 11—

Za—S Y RAT LD BBICSPNE. BERIEXEA TN 5EMMET 5.

%1 OERBEBETE., HROBH, TFV. BLUON—Fy 2T 7 %77 F v ¥4
AL, Za—FNEFVE, BEEL EHRERALLENS L, €056 EFFMH
2. BECBVYTHERATEZ EF VBTN S, EFMVRLFTIN— F T 27K
SPBH, N-Fuo70T7OMs A4 THERBOMRERODICHEESNE, UMY
A TFYAF AN, BH2Zy bhsky, BHO= -7 VBTV RHREOKRICH
Whh b, CORBETANSRZHME, AREATATTELOLREV AT ATEL
ErainsbotofTHENEISITLNG,

HOBRERRRY AT AOBEICERYE L, BlEROERCESE, BRBLT
EFVFRBRINDL, a—FVEFTME, BRVATALTHERLETEINREL),
EFNON— I LT AOEEELFRENLNETH D, VAT LEE 1 EEO
SO 4 TORBYENL, BHLZY MBOVYAT LATRBELENLTFETH S,
BTy yORRICE. TORSORSMIEHEREEN L, BEHOINFEDLN L &
Wy AT AEBHHI L ATFALESEN L, HEOHIR, REVATADT %77
FR R BOTRLEER AL L5 THA I, FRE2ERODMCBV T, ERBLT
EFVORFERRCETE, FreHEAT %77 F v 20 THERATETHS I,
Za=S WY AT AEBERYAFAOWI V- TREVICEELT, HLteHeT -
X570 F v hREL WETRETHA I, VAFLALLBWL2POT7 T ) r—Ya v
SAFANEEIN, VATFARENFHENLILIKELETHS )

40




5 XVAT AL

5.1 MFEOBAEA

Yotk FORFRM & BT X ), HLWHREAE LU ER T2, X
DERUBEA~OFI ., Fo L EHRAES L CREEABIERLBOER 2D ST
DFNT—=V Iy Ea-F4 770757888 LT, LW —F727F%, T
TYXLBLUH LT NA A RET 5, _

KFOFS ACEETREHNIADOID2OAFT) — T b b,

o A vFaxya yE
o =a SNV AT A
o KTV INY AT b

Jed vy iy va R, BROBT VAT LAPEELTW SV h@ 5 AERERA
#MBT A5 ENENTH L, T/, KA vV IF s aviE, Koa-TFN VAT A
RETISNY AT LD OBARHEEE L THEITT LR, |

Fma—FNY AT A, FEERE COERD EHOBRCHLT, KL b=a—
0o yEOERETEEL, FYCHAE L EMRIICLETRE TAHMOMEE BIET

TN AT AT, B A—2E LTEERFELT) BB OER % H
Rl

Y r¥a—F4 YFHRCE, XFNAAORABFETEOREL 25,

MRESNENBFEFOES 2—Eb I/, RFHOEELFRAZLO -2 TH %,
CHLEEV2a— Ml E-T, BELEFTHHN L T AT (T 505 5P H8GEE
Enb,

5.2 MARFRE
5.2.1 %{993#7?a>ﬁﬁ

HA vy ahrTa AEAE, VISHIGAEKRENAEHEM 2V bO= s AT &
HBEBMRERES LA OTHY, {ZXEE, 70A b—2, EROZZOOEM, BN
HE, Lot I BT VAT ALBTABEHEECHLIMELRRTS2LDTSH
5o

A vyazrsvavid kit k) ZME*ERL, S8, RES CTERLHERAEX
DERL D XT,

HELEDR LM SEIEIROEBY THS

41



1. A ¥ ¥ 3z o a v 7L A

KA vy aryvar7ng AR, LETFHLREDB L UZHRTFIFFTEN DS,
IRLOFNAAL ADMETIC L 5T, B - 2/ kEQ 3 o0BEBRICB 2RE
JELEHM 2 A0, ARE, BELTEREHEERR Y P77 PFPRHET
&5,

Vaig D FTOBEELEA v ¥ airva vFnL AT, RaEEELZF]
FILEKBEBA VY axrva vOEREDHET,

ZeRA SIS L O F BRI EA vy TRy Ve VPSS ADFR T, £l
FENLEBNE LR ET - SR A LSRR LSHEA ¥ 734
9‘7“.‘/3 ‘/%bé“—g_o
ﬁﬁﬁﬂﬁiﬁ/itmm%%&%4793$7?aV?N4XQH%TM\WE
SEEERHAAVERBEEOA V24253 v D&, £k, BEFEE
BHM R, REEAAOERIZERTSHAS ),

TALOFTF 42 ABICEANETOL) b ZERFT A4 ADWREERER R
. BEBELNA VYIRS vORDOEY 2 - VOEREDET,

Bhic, FROI I hRes2ME /BErEoFNA A KA L -BELRERET
NA AL, XOMEOLTSA ZADEREE L B,

A vy arsaviy b I—2

T=%F s F v —BLOEFFAL HEMOMER, HEEEWRET, HOV—T 1 ¥
FHRTCERL ARV PTEE, £F v VANVOXBEESA Y P72 DK
e ET, | '

F o FABLUFy TRESOMNER. FToky i, Foey - ATV, B
IUAEVEOSHETCREAEA Y F 2450 a iy PI—0DFEREDET,
WBFFINL AL ZEHFNAALDED 2 - VLOWFR, XA 5 arsa
V?ﬁ@ﬁ%tﬁ$m%bgﬁoCnuicf,ﬁﬁébﬁwﬁ%ﬁﬂﬁénéo

5.2.2 ¥XZai=-ZNPRTL

Wm 2 —F Y AT LT, BRI kL GERC L o T, R PHARIER E

BL. EEERL2 COLHENICONE N AR EFRE ERELIT 5 HW D LB
PEELT 5,
FELZZ LNIMEFEBHEEIROMAY TH S |

42




1. =z —FVEFTIL

EEERFEEAET LTV TR, 2K, 3ACHERFEE=2-FVE Y b
T2 ABL, AEETLAY LI REFTLVORELEHIET .

HOHHERELHATHEFTINV T, REEHR., ¥4 A, ftHER L w72
HicEISLCHPAFHLLZT LYW 2a—5 Vi y P — 2 0BHBH T EFVORE
*HET,
WERTELZ TV 2 7= ETV TR, ZROBMEY 2~ h GRS N5 IIRTHE
PORKLEF Yy PT - EFLERARNRET B,
FFAIZFNALZZBELETVTE, EBBESSSARE, dtcE\nsx7
FOFFNAL A2F T2 o2 - VEFTNBREONRE LS,

2. Homa—F VTSR
KB  S@EFEBEN- 22— VFNL TR, BRI -BLOFEBESCYH+TA
BEXERTAK-2—FVF v TORRBEL, SEEENTOBEZEEXEET,
BEERAERE= 2 —F VT84 2T, HEYERFRRL-IABT A -2 —1
FNA A, RO AT =2 -5 V74 AOEELHET,
Kma—SWFNAADET 2 — VLT, o —FVFy TR 2—{LB
L UFEEILLOERLHBMET 5,

3. Bmn—F T AF A
BERTHAN OFE T, #BieEl. BB, a8 b Sofuf e 2 BT, 7.
FUINaA Y a—F7 L OEIC L ABROSHEELEN b ENRET S,
U TEOML TR, FEREREEELIN A3 E LTEHRL, fio X7 a2
BT A5, FREoOSELEH 2R L, ChoDFEOHLEBET.

ABIZELWARDEAN Tld, vV F 274 7HEHY EELET 2T ORRB L.
FoL o BBETHUGYERRETE 5ERER-AORELHN LT %,

523 XFTHNVITLA

HHEAEELELRL LT, XoOBEF L RERERE LA L 206, BEE#RI
RESNZZRAMILS ) 2 HOBRPLUEBERPLABETR LT o085, BFTF VT2
FLATH D,

AUAFADBERBIAEEL B L bALFERRLEEIROEY THD |

43



. YRR T
ﬁ%ﬁ%ﬁﬁﬁﬁﬁ%ﬁm\2ﬁ®5mmgﬁ%ﬂwﬁaﬁﬂﬂ%ﬁ5%?ﬁ4z
RERT R E LG, EEREN T2 RTERLT M OME L BIET

AR FINATEEET T3, ZRFS A - v ELT2ERSL, 7Y VR
BAAT) LRBRTEMTT 5.

WEBHRARBEEET . B sEoMeTL LIl 7 9&»@%
AT R EETERET 5,

SEHTFSNL AT, <Ay OEETF, FAKERT, @A+ 7747 2B LT
EHREATT 42 ARRET B
. FoEn R E B

B R T RCRERN & LT, SR IsaRE . 2ol ARERE
T %o

Y€ Y 2 — T, BHEELSy b EFEVVAS, EEPGA €Y, 5
AR, BRAMDERL EDEY - VR OMEE BT,
KTV E NV AT A

v a2 e B LR ORT TR, TEEE2 v Ex—F OREB LT
3% B BRETH C ADHM oMLY BT,

AMPA VST 2 — AT, LRBEKEBETF Y AT L EOREFRIRE TR
+AYEE, REWA ¥ 72— ARBET AENOREZER T,

%ﬁ%%91~W®%ﬁHWTﬁ\%&%%VJ—WG?V4ﬁ\ﬁﬁ®E&6%
BEEE Y 2 =V D—ELD 72 OEEHWORRE BT,

Vﬂﬁﬁ‘yfﬁ%\ﬂV”4§ﬁ%TM\%?%JVEJ—F-Tﬂﬁﬁiyﬁ
SHmo YT LEAROEY, BF VNV AT AHERSHE €OV
@ﬁﬁ‘;%’& Q:FEI—;-O

VAT LFRRORE

SR FLEREG (OEIC) B, $o2—F VY AT ARAFVINYATLERMLLY

u%%y&:$¢v5ymtaf%#mtaé?ﬂ41?$5oOmcmﬁ%mvx?
AWKBH%E&@%%OK@K\ﬂﬂﬁiW%V;—»&ﬁK%T%ﬁﬁ@iﬁwk
TA&—AD LT ELRAERETH D,

I TIRICETT AN OGS ERRE L 2 S

44




o REMOE I C 71t AHH
¢ OE I CHIC A Dy

o HEHEALE L OFE Y o — ALy
SEEROE I C 7/ 0t AL Tk, MR, EFttR L, Ba X MUCOEIC
R HEBET L0 OEEN M o 2AHKORE* BB,
OEICEVa—MLEM TR, KA v Faksvar,/ =a—IN/ FIINF
NA R, KFEERT. EFLOE. ALY, Sx—208y r—JIZEJa—0b
T 23O IR T,
OEICHCADHIH T, OE I CoffEdet., 8L R, Ny r—VEV2—
VDI al—2ari SETL-00CADENOBR2ENET S,
BHEAB LUV - bHWNCR, XETFARIA ¥ 7 72— ADEEL LT
N4 ADEY 2 — L2 BT,

53 MRS 1-—N

X AFADRARE, 2200KRBICGTTEDLNSE, FNFROEBOTTEHM
S5FEMTH 5D,

RECIR, A v F a2 va vy, Boa—-SV Y AFABLIUATFVI NV AT A
KB E 2 BERM L 784 AHM PRI RL L0k b, R, Mo EREl
BIUEV2—- Vb MRHREE T2, MBEKVRAFADT7 =377 F v CBTS
e EHT 5.

BRI, TN AHR OV THIBEOESERRLTLADT, a3 v¥a—74
YIVAFAOTA NI A TORBIZEFT 5, K7L AOKRBBELEREEREGL,
AFFR 7O AORTERECE, BRI Ca—FA v 7 O0DIERONREY 2 —
MFFIRATERIC A THA S, BEHESLV0AL-Fy PELTWE FF5EY +F
Fl v Fhd — ¥ OUENIREI RS,

45






o AR

A, FEAGHHEPE

B. EAGHE®H (GEFHERD

(The Master Plan for the Real-World Compuling Program)












CECEELTIETD.

ANTE2—2DIFHRNEBEDIEK

\

N ! L’_.:t.'—i’@ﬁ:ﬂ:.'i

X BT, Ho

1% /F%&ﬂi&a EICISAVEYS

R kT Cr— P OISR L ME L |

i HET stk

= .MWWI ...........

8 ]

g \ s .
) T*%EM&E =
# Q§§§\ :
= -

(%ﬁ. o >rta— h /ﬂ?{li-":g-"”y:;j- """ '#

; BIHDAF

\¥S‘E e - ot My frony

: S ] PR LI LRI T B3t

(1B ra—3) : ' & J

/ \ AL —2DHEE

% »,‘t‘/7b'7;7ﬂﬁw %’24:/7%*7:71"‘#%
; FATY XA P E A |
BYIIHELTMTY A A
D5t B AR E

uﬁ&f&#\ﬁﬁT5§
FREAR,

W EDFINE RS zg

5,
¥

Real-Werld Computing Programplan-1







1 R 1 57
& 12 BY 1 57 )

R

———

7O —ILKRaYELs—F4 2
T & h L tFERNE
TR B NE

U

JF7ILg—Iib K
(M ERRVH SR
AU EIVE -+

.
c"‘

RRFERMA

2N — AL
(GRAERER, T

4 EHIML
| RHTME
! SR
F R E S R W IR AP TR S HNE
AI(ERER) JATL B4 Za-0O3XFa1~—4%
T t
‘ Turing Machine Percéptron
1 HAEE
REMRE 59 40 {1
(BE5leg, Sirey, Bikey) (LTI, Bar, BIEH)

Real-World Compuling Programplan-2

(: Baty (M) ZRMOISHMIE ;)







RicdlE 71—

J TNV = FiZ

4

WA

o

1) ABIGECWEESRME L2, S Ed -7 [F5 2 GIERNIE] EnifE
HRAE DR A D 7z > O B FEAY

%”o ) L.If:'

DI, Ko _DoDF

3

2) Boni-BEmic, BonYarHWT, 502 HHRAEYTS [H81E5)
ﬁ%ﬁ%ﬁ@ﬂj&wiﬁ%@%ﬁ&%ﬁ%L:vz%Aﬁﬁ

Real.World Compuling Program plan-3







1) NEDERWAEROERICAG T, ERNL OEHMNE
BRI O BIE N B

2) EIRREROEBArS. BFENAERAEHOOHEERET 3
CHIC. MARREERAXM &L TILSANICAR

Real-World Computing Program:plan-4







0 (G IR IERERE

RE & & {t

Shi
Aa— 12T —AL
Salb—-i3

HYFL AT 4L

¥aArEa—-Fa 9 T4

BB GBS a0

Real-World Computing Programplan-3







49___

] : BRI Yo T, A Dk HEED
%Wh}fﬁ‘ﬁ%%qﬂﬁk BT, FEiE, EEECRCIIRsSREICBwT LW
RBBOME AR LT, TE M OARE TR EH L RS 5,

BaREOMA . HMEAROMBTHEESEE (Baek7 Ju— %ﬁ@ﬁ%k
AMEOMRNLER) £EAL, PEFMERICEEOERICET THARRBRE

POMKIII L B A ERT 5720, FIRM
B G B  T 5. 2 00, AT AEEOMEIAN & 0EFM%REH
BT, 2 2-ERSORESOTEMNIH LR AES 17

DL RO
&%fﬁ , BRL, FhY SRS AR — ?va;j%%?&

Bl B S %,

5. RA 275 DEAE . urw%&&%mwwaﬁ%m%@ GiER S R RAT N
RO PR OTERFFRESR L LT, Biliy P 7 - BE0ORBLTL .

Real-World Computing Programplan-6







3 %68

AL 3

BAY : UZAT—NAFIEL—-F1 7R BE SN o haEB0E] .
TEHBEANROL OXRLEMNEEN £, BHRVBOHLVNSAILEL
TERTI-O0ERRAMERIT S,

Fit P OMBRBOMMEAAEE. BRORE - FEOZ AT AICSLTEE -
—#ET 5k £ 88T,

OEL»EREBABEORECH 5RBERY (X5, HRE] & UTHR
b, #BREL. TOILEISDHEANLBREBET S,

———MERA

(1) 5380 Tk 738
(2) A8 LUMEE Y 2 —ILOFE
(3) Bk ipts LM
(4) 18486 LURBEY 2 —LOKS
(5) %8 & B CHREHE

Real-World Computing Program plan-7







iR

— DR &
ey : TN —=WFALEa—F ¢ X TOEBEEL L T, BN, BEMtt. 8RS
MICEDESHPIEERTIRNERIT S,

Fit . OFBEEDESEINEVIATLOBEE LT, UPAT—I KEBISERY T A
RS NE AT LOWEEITY,

OBETEENILVRATLEERTI A0, TS5, - BZ. M. Sl8r s
OFHEEE . Th O EEFBEEE B LTI A NI LOAEETS,

’ s
CEFEHEEM
(T)i%#;%%tﬂ%
(2) 5 huEREMBERR
(3) EFobhbba— A8 1~2EY3 3 Lb—2g0
(4)Y ZohuaaEsld
Oﬁ%ﬁ%m%
(1Y UPLT7—ILFREGBRY AT A
(2) BBHEMHEL AT A

Real-World Computing Programplan-§







D77 —IL FEEBARY AT 4

s

AEe, PHEEE, &
AMrdboU T LT — I
FOTEE Y R > o
JOBCEEREEE L, # &
P EAT S BARY L 1R
WE AT LAOEHE®H
BLARRAELITS.

Bz, kg
-V roBAICLA
VT T — )b R X
TFARRARBETD.

Real-World Computing Programplan.-&







BHRESHEL T L

e

ZREuTEHRE AR O
KhoT, ANHOEX%
B LER T IERY EK
POKEMICMET B
sk h, MEMHEIRE
WELER L, AMOS8
WE > X BIRT 2 1H®
ME 25 hAOEHLHE
fBLIRRET4T .

B2, HRERE, &
= ERESE, HOMEb
HE— AL DHKAIc &
BHENETEEI B Y A 7 A
YRETA.

Real-World Computing Programplan-10

T i st (o

SHFHAaw
BT e

T OB I FTAE

%7







B Y X 7 &

AR 1

By ¢ YZAT7—IFIArE2-—FT1 7 2XASHEEBEERTIALHIC,
AN AEHBYS AT AT 2RMERITS,

44t - OBBIBHEIFAORLLZACESOLBUIIT ~ %7 7 F v O
T e T T 2 D

Ozﬁﬁﬁﬁ%ﬁ&tTéh—FWIT&W@&%CMOT\ﬁ%ﬁ%%
D, ‘

OB AFLDODN=KD 1T F—FF9F v, VI LNITTORE
BREEEEMICT S,

— HRRA
(1) BEWNFP-F77F«

(2) BYIA~NL—F 12T 2F A
(3) HBUHSEE
(4) 7OV S5 3L FREBE SR LBREE

(5) Y27 LiFE

Real-World Computing Programplart-11







Za=9SW RF L
RO EHE &

BAy @ U770 FRaArbEa—-F« 72 XA5FRLHERRERRT
i, ABRBZa—-FNIATLICHTIHWERILT S,

Fét 0 QUL T— L FEDHEERBE2EL TEEXEHSHBEI T2 58
LWZ2—SIEFILOHERR2T I,

OMLWVWZa—FZILEFNMIEISICABROSAIXFEHEOZ 12—
AR F@ITE%%Téo

IR %R
(1) Za—~-JEFI

(2) 22— )bIN—KY 17T

(3) 22—V T+ T

(4) BYFI AT LEDES

Real-Werld Computing Programplan-12







B> X T L

BHoBEzFLEZBtTA LT
EAETNFNT T AL LAFERBIEFE
BEFNMLLoTENTTHADIZ, #

DFRERE L HZNHEBEFI AT A
ODMRRELITI .

SR F LS

TP uFRAE DT ERS L ER T
A7 EBEFI Y A7 AL RHE L =
2—=F WV AT AOHEILICET AR
THRETY,

Za— 7N R T A

FEEDZ2-F iy b7 =2 PR
TaAEI%WBTCAF—5 77
— X7 FeeERL, Y- A
v A VFFL—a il bAK
Hi= 2 —0 3 255 ORFEMR Y

W i - — — > —
Reat-World Compuling Programplan-13 2 =S 27 L

HEF X T A

< AT L
100 Ex YOty
<T7/0%s

LOEFX7OL v H
SFuT
25F w I 2~
1,000EY 21—
[ 2T I

-2% k

LYEIE PR

M~

WS 4-F

[l

pLE

£m

<T 7/ 0%

2m015>§29
SFuT
80F v TSN
4
10 =-2a=—0X/ 21
1007\ 274

N\

/







KA Ea—Fq4 2T

— HROHEH
EEQ - 7727 —=)LK3ar

BeERTIARNER
RT D,

MEBEFTINHZ 21—

THWERRTESHPITFRLEEERTAIFER

kva

Hgt c OXOABEMPBAIIE EHAL CATREBEREA L. ERIKES
' ORFOMEEREALT. BEOSEBI AP A AEE T v 7 ORE £ &

QEBRFHICARINIENN EROERGHRPERBERLEROREREHR
FEREAVWTABTIRT V2LEHRERART S,

O=2-—O HOBAEHREXTERL., ZRPERNBLEOESHE

ARERTERART S,

Ea1—5127
ELT. BFRESFAEEELT I REBR F%ﬁﬁﬁﬁ@ﬁ&ﬁ%*&mﬁ%ﬂ
T3

— FRRE
(1) *14>20x03 >

(2) =21 —F IS AF L4
(3) F VANV AF L

4)ﬁﬁﬁ§$ﬁm®mn

B L A M L 0 P G e L e s e ot s

Real-Warld Computing Programplan-14

A D A o T A St A R o







HFS RN T A

RRORBHAERBEEERL LT, %0 )
TR £ LD, EMRIERICAES [
NE—FEOEN) LROLEMERCEE [

-

Hrzax o g

XOXRBEELCHESERORHIC L NE )
BIZEOHRE BRI EH L, HBERD |
SRV & SRR Lo R SR
HHomRHE*EL T, HEfoo ¥
;—9@%0Rﬁ$va®ﬁﬁ%m&f

=2 — SR TL

So—ufiOBXLSESEYECERL, B
FHEOMBSERAFFIF T S EicLh g
%E@Eﬁﬁﬂ&amﬁﬁ&ﬁﬂME%ﬁ

19 Y AF L OHRREYT Y,

Real-Weorld Computing Programplan-15

HFGANLATF A
o R K2 EY wh
Ea—-F
/;r“““——— 7748 ) oy S:%;::ﬂ
g h\\‘_ﬁ? BFIET Y 5 VEEEAR |57
BB i
¥ . & % &T
. w o ‘>{
4 ER j—— =0 7
; L] ¥ = a4 Eg
o ———— 1t
? '._.‘ _{_t' iﬁﬂ”%&-’f‘? b — Qﬁﬂj“'}"
Z KRBET (5M. 28, HE) i
>
\f $ma— STRFL)
T bit/cmzsec BBILAEy bT—-2OEY
AR
- i
Sonito | —
.":::“’;\h - \
""»“‘"5:‘*'0
:::""u‘ :(
L . BADaHE&ry 72 Y.







IR - W

S ——— ‘

E H t

R TABIB B AE DRI 72 >

B >

L IBRED b D RO

= AT &% 3

| AT I e |
BUFY 7L T >

R - e o PR PN

Za-SANYRATL 3>
FOLy4 ST Ty b Tr—AOHAR

D ATITT e k7 bR, .

KAV =T 73
T3 A A3 0BG

Real-World Computing Programplan-16

...........................................................

R
v
]

...................................................

Y

/

AHTO by A TORRE

\

¥ AT AEELDITR
xEtHEst

-

FEE D a—IiRt

Fas 2-7479" ¥27h7 04T DS







\
il
+
=
R

) . \}}\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘.\'E\\\\\\\\\\\\\\\\\\_\\\\\\\\\\\\\\\'\\\N
@\\\\\\\\\\\\\\\\\\\k\\\\\\\\\\\m\\\\\\\\\\\\\\\\\\\\\\\N %‘ HHMABRAROENNENEEEIT L N
. - v ¥ bt oo £ 3

N UPAT—n ks Ea-F12 % S AER R N MR X
N 1 N N BRSO BEHER \
N\ 7N LORBOERAE Y \  mame 3
% ' ;ﬁt % ﬁ;‘; 1?- 5 E ﬂ ?i :ﬁﬁ ! ﬁ % #ﬁ "ﬁﬁ % %")\\‘%\\_;\\\\'&\\?».#f\i\*\%\\\‘é\\‘{\\\\\\1\\‘3\'\\\\‘(\\\\\\\\\\\k\\\\.\\\\\\\@
\ ‘ o) 1 \]’ \ 1 Eﬁ . ‘E‘b
\ \\\\\\\\\\\\h\\\\\\\\\\\‘.\\\\\\\\\\\\\\\\\\\\\\\\\\\\\'\\\\\% / ------------------------------------------------------------- .

(1) 5 . STHLLE i %’éﬁ?&%ﬂ'ﬁit?@ﬁ@ﬁf%ﬁ - §
V7T =N Fa ¥ a—Fg 2NN T AL ng‘j égiﬁ%ﬁ;ﬁ%wmﬁm DT :
DRBMETRD - ;

S _ N2 A | Aopex 200 A

fYTNT—VREGER Y AT A OBE SR T ,

LR AT EE Y R A ORFS /; i EbA &nc;-ﬁkﬂﬁ#@iﬁf% g

e e e et et ot et ettt et e e e s e P b D HERR L RGO !

o azs Ermeb i
il R e A : = T3 :
AFBILIRITE I & > OUREDS 5  RohnERNEOTE )

[ LTIy 2 5 B OB 3 (@) w27k

- A A7 . OO OO .

i VAT AFEEtomE Y. fﬁiﬂ?—#%p%&@ﬂ% |
@) KA Ea=F 17 - F1iA 2 R T oas 5
WK v Ea—F VYU RT BHAOEI L 3 Ll A o —— /
s B) KA Ea—Fqsd - FILX
[T AT LD } g T "
| SR DTN i AR 1 ;

S IR T S A AR DI / L e )

Real-World Computing Programplan-17







B. ZEAGIHEE (FEEEHD

(The Master Plan for the Real-World Computing Program)







Contents

Part 1. Fundamental Principles of the Master Plan

1

2

Purpose of the Research and Development ' 2
Background 3
Real-World Computing Paradigm | 5
Contents of the Research and Developments ‘ | 8
Fundamental Policy | 10

Part 2. R & D Plan of the Real-World Computing Pro-

gram
1 Theoretical Foundation 12
1.1 Research Framework . . ............. e e e e e 12
1.2 Research Topics . . . . . . . . . i i i e i e e e e 13
1.2.1 Flexible Representation of Information .. ............ 13
1.2.2 Evaluation of Information and Processing Models . . . . . .. 14
1.2.3 Flexible Storage and Recall of Information . ... ... ... .. 14
1.2.4 Integration of Information and of Processing Modules . . . . . . 15
1.2.5 Learning and Self-Organization . . ... ... . ... ... ... 15
1.2.6 Optimization Methods . . . .. ... ... ... ....... .. 18
1.3 Research Schedule . . ... ... ... . ... . ... ... .. . ... 16
2 Novel Functions for Application 18
2.1 Research Framework . . ... ... ... ... ... ... ....... 18
22 Research Topics . . . . . . . . . . . . . . . e 20
2.2.1 Flexible Recognition and Understanding . .. .......... 20 -
2.2.2 Flexible Inference and Problem Solving . . . . . ... ... ... 23
2.2.3 Flexible Human Interface and Simulation . . . . .. ... .. .. 24
2.2.4 Flexible Autonomous Control . .. ... ... .. ... ..... 25
2.3 Research Schedule. . . . . ... ... e, 25
3 Massively Parallel Systems 27
3.1 Research Framework . . . .. .. .. ... . ... ... . ..., 27

3.2 Research Topics . . . . . . . . . . . . i e 27




3.2.1 Massively Parallel Architectures . . . .. ... .. .. .. e

3.2.2 Operating Systems for Massively Parallel Systems . . . . . . . .
3.2.3 Languages for Massively Parallel Systems. . . . . ... ... ..
3.2.4 Environments for System Development and Programming . . . .
3.2.5 System Evaluation .. ... ......... ... 0 -
3.3 Research Schedule. . . . .. . ... .. oo

Neural Systems

4.1 Research Framework . . . . . v o o o i i e e e e et e e e e

42 Research Topics . . . . . . o o i i i i it e e e e e
421 NeuralModels. . . . . . . . ... i e

4.2.2 Hardware for Neural Systems
4.2.3 Software for Neural Systems

--------------------

--------------------

4.2.4 Integration with Massively Parallel Systems . .. .. SN
4.2.5 System Evaluation . ........... ST
43 ResearchSchedule. . . . . . . . . .. o o o o

Optical Computing Systems

5.1 Research Framework . . .. .. e e e e e e e e e e e e e
52 Research Toplcs . . . . v v v v v i it i e e e e e e

5.2.1 Optical Interconnection
5.2.2 Optical Neural Systems
5.2.3 Optical Digital Systems

---------------------

....................

--------------------

5.2.4 Environments for System Development . . . . . ... ... ...

53 Research Schedule. . . . . . . . . o i i i e e e e e e e e '

i

35
35
36
36
38
39
40
41
41




Part 1.

Fundamental Principles of the Master Plan




1 Purpose of the Research and Development

The main purpose of the Real-World Computing Program is to lay the technological
foundation of the highly advanced information society of the 21st century.

The development of computers has been very rapid and computers have come to
provide a huge amount of computing power. Nevertheless, in many respects, including
for examples, pattern recognition, problem solving based on incomplete information,
and learning capability, computers still lack the flexibility of processing and are far
behind the human being.

In this program, we aim at establishing the bases for flexible and advanced infor-
mation technologies which are closely allied to humans and able to process a variety
of diversified information in the real world. They are essential for the highly advanced
information society in the 21st century in creating the cooperative relationship among
human and computers and producing the innovative and generic technologies.

Information systems in the 21st century will be based on not a single but various key
technologies such as massively parallel computing, optical computing, neural comput-
ing, and logic-based computing. These technologies should be flexibly integrated into
information systems in order to cope with real-world problems. The goal of this pro-
gram is, first of all, a challenge for these significant but not yet established technologies.
We try to establish the theoretical foundation for these emerging technologies, explore
their potentials and give some prospects of the style of integration. Some important
real-world problems will be attacked for confirming the possibility and usefulness of the
technologies. Through opening these experiences to the public, we aim at contributing
to the development of the common knowledge and wealth of human-kind.

In order to accomplish our very fundamental and ambitious goals, promoting inter-
national and interdisciplinary cooperations in research is very important. Supporting
the collaboration among industries, national institutes, and universities is also imper-

ative.




2 Background

Supported by the development of computer and communication technologies, the infor-
mation society will produce an innovative change, not only in the industrial activities
such as new wealth and services, rationalized production and distribution system, but
also in the qualitative improvement of national living standard, advancement of local-
ities and the educational and cultural -aspects. _

In particular, as the information network will be developed from intra-organization
network inside an enterprise to that of inter-enterprises and further to those that unit-
ing homes and individuals, the subject of information processing will change from
enterprises to homes and individuals. As a result, information to treat will greatly
increase not only in quantity but also in variety, and a new technological basis which
enables everyone to easily take advantage of the various information resources of the
network to a higher degree will be required as a basis for such information network
society.

Under the social background as well as technological requirements in various appli-
cation fields of information processing, it is needed that the computers become more
humanized and possess the capability to assist and collaborate with humans in the
real-world environment.

Historically, computers have achieved a remarkable development in support of the
technological progress. In the first stage, computers developed along the line of conven-
tional von Neumann architectures in such fields as numerical computation, document
processing, managing data-base in storage and retrieval, since those application fields
have clear algorithms and are suitable to process by conventional computers.

The second stage of development was the direction of manipulating logic and sym-
bol, casting light to the intelligent thinking process of human such as logical (deductive)
inference. The research fields of Al and knowledge engineering contributed to provide
computers with capability of handling symbolic representation of knowledge and infer-
ence rules. In 1981 Japan proposed the concept of the Fifth Generation Computers
as an approach to new generation computing. It intended to provide computers with
powerful logical inference capability and open the door to the world of large-scale
knowledge information processing.

Now computers are far superior to the human beings in the ability of solving the
well-defined problems where the algorithms for solution exist and can be clearly stated
in programming lé,nguages. Nevertheless, computers are still not so flexible compared
with human’s flexible information processing in the real world where many problems
to solve are ill-defined. and hard to describe in algorithm.

Hence, in order to cope with the real-world problemns and open a new horizon of

information processing technology, it is important and necessary to pursue the funda-



mental principles of human-like flexible information procéssihg by casting light to the

intuitive or subsymbolic level of human information processing and to embody those
as new information technologies on the basis of the developing hardware technologies.

In recent years a large amount of fundamental knowledge on information process-
ing of human béings has been accumulating, and hardware technologies for massively
parallel systems are expected to come to our hands at the beginning of the 21st century.

Taking these situations into account, we propose the concept of “Real-World Com-
puting” as a new paradigm of information processing, which aims at giving the “real-
worldness (or flexibility)” of human information processing ability to information pro-

cessing systems {see also Figure 1.1).
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3 Real-World Computing Paradigm

Information processing in general is a function that has been acquired by creatures
in the course of evolution in surviving and adapting to the changing real-world en-
vironment. It is a many-sided function that enables us to recognize the surrounding
environment, make predictions, and then plan actions based on the predictions. It may

be classified into the following two categories:
A: Logical information processing
B: Intuitive information processing

'Logical information processing is characterized by the words: conscious, analytic, seri-

ally intensive, and digital. To the contrary, intuitive information processing is charac-
terized by the words: unconscious, synthetic, parallel distributed, and analog.

Basically, information processing technology is intended to complementing or sub-
stituting both aspects of our information processing function as a total. Historically,
however, machines which are suitable for functions of aspect A were implemented as
conventional computers and progressed very rapidly mainly supported by the tremen-
dous growth of hardware technologies. On the other hand, in the so-called “intuitive
information processing ability” aspect, conventional computers are far behind human
beings. The lack of flexibility of the computers is due to the unbalanced development
of them.

In our daily life; we human beings evaluate various kinds of information including
ambiguity or uncertainty and acquiring necessary information for making predictions,
plans, or decisions in quite a flexible way in a changing environment. Development
of systems which have these flexible information processing functions is now one of
the most important requests common to various fields of today’s advanced informa-
tion processing aiming at the further-developed information processing functions such
as pattern information processing, knowledge information processing, and intelligent
robots.

In order to develop such systems, it is most important to explore the intuitive
aspects of information processing functions of human beings and to integrate the above
two aspects. As the result of integration, we get the new paradigm of information
processing which will be the foundation of a more human-like, flexible information
systems. We call such a flexible information processing as the real-world computing
(see Figure 1.2).




Real-World Computing

Flexible Information Processing
Massively Parallel Distributed Processing

Parallelized, Distributed

Serial Procedual Processing

(ex. von Neumann Computer)

Logical Processing Intuitive Processing

(Serial, Analitical, Conscious)  (Parallel, Synthetical, Subconscious)

anormaﬁon Processing of Human Brain)

Figure 1.2: Bifurcation and unification of two aspects of information processing.

Real-world computing systems are characterized by some proper properties as shown

in the followings:

e Openness
e Robustness

o Real-time

“Openness” means that systems can adaptively and autonomously change or extend
themselves to cope with unexpected situations they encounter in the real world. “Ro-
bustness” means toughness and the stability of the system behavior in distort of input




data or fluctnating environment. “Real-time” means the systems can respond within

a reasonably short time.

The reason why human beings can maintain their flexible information process-
ing ability characterized by the above real-worldness ig that our brains incorporate -
distributed representation of information, massively parallel processing, learning and
self-organizing ability, and information integration ability. Hence, the following two
seem to be key concepts for realizing the above characteristics of real-world computing

systems.

o Flexible information processing
Information processing which ables to process ambiguous or uncertain informa-

tion and has the capability of adaptation and learning.

e Massively parallel and distributed processing
Information processing which processes multi-modal, multi-variate, and strongly

correlated information in a massively parallel and distributed manner.

For implementing the above two key concepts, we define the following three tech-

nological issues as essential elements of the Real-World Computing Program:

e Theory for flexible information processing,
o Massively parallel and distributed information processing systems,

o Novel elemental functions for real-world applications.

Through research and development on these issues, the following functions will be
achieved not only by developing high-speed computers, but also by integrating conven-
tional logical information processing functions with intuitive information processing

functions.

e The function to integrate a variety of complicatedly related information includ-
ing ambiguity or errors and to make an appropriate (approximately acceptable)

decision or solution within a reasonable time.

e The function to actively acquire necessary information and knowledge, and to

learn general knowledge inductively from examples.

¢ The function to adapt the system itself to the users and the changing environ-

ment.

 Applications of real-world computing systems are expected to include wide range of
real-world problems, for examples, incompletely specified (ill-defined) problerns such as
understanding of situations in a noisy environment, large-scaled problems such as sim-
ulation of social and economical phenomena, real-time problems such as man-machine

interface with virtual reality and autonomous control of intelligent robots.



4 Contents of the Research and Developments.

The main contents of the technological developments in the Real-World Computing

Program are classified into the following three mutually related categories:

o To investigate the principle of flexible information processing and to establish the

theoretical bases of the innovative technology,
¢ To develop the massively parallel systems as computational bases,

¢ To materialize the novel functions as the fundamental elements for wide-range

actual applications.

Corresponding to these calegories, the three-storied structure composed of (a) novel
functions for applications at the top, (b) theoretical bases in the middle, and (¢) com-
putational bases at the bottomn, is the fundamental framework for the research and

development of this program (see IMigure 1.3).
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Figure 1.3: Organization of the contents of research and developments.




In the research and development on novel functions for applications, elementary
novel functions which are commonly important to realize the systems to solve a wide-
range of real-world problems should be investigated. These novel functions are aimed
to be implemented on the computational bases. Research topics are classified into the

following categories:

¢ Flexible recognition and understanding of multi-modal information,
» [lexible inference and problem solving based on flexible information base,
¢ Flexible interactive environment for man-machine communication,

¢ Flexible and autonomous control.

Some typical application problems will be attacked for exploring the way of integration
of these elemental technologies and confirming the possibility of them.

The objective of research on the theoretical bases is to establish a new theoretical
foundation for flexible information processing. For this purpose, it is necessary to
expand and generalize the conventional framework of information processing in all

respects of:

e Representation, storage, and recall of information,
o Integration of various kinds of information,
o Evaluation of information,

o Learning and self-organization.

In particular, “integration of multi-modal information” and “learning and self-organization”
are the most fundamental issues and how to implement these in a framework of mas-
sively parallel and distributed information processing will be a major key point.
Real-world computing requires processing large volumes of spatio-temporally dis-
tributed information at a high speed while taking care of their mutual interactions. As
the computational bases of real-world computing, computing systems which can exploit
~parallel and distributed processing at several processing levels should be developed.
For this purpose, research and development from the following three perspectives

1s 1mportant:
e General-purpose massively parallel systems,
e Neural systems as a kind of special-purpose systems,
o Optical computing systerns.

The way of integration of these technologies will also be investigated.




5 Fundamental Policy

The primary goal of this program is not to develop a single computer, but to explore
the possibilities of elemental technologies which are significant but not yet established.
In order to accomplish this challenging and very fundamental goal, the program should

be managed under the following fundamental policy.

1. Flexible formation of research organization:

To insure an effective research program, research themes are appropriately dis-
tributed so that researches which are highly integrated, symbolic, or common are
performed in the central laboratory, and researches which are highly individual
or elemental are performed in the distributed laboratories, and to secure organic

and flexible cocperation between both parties.

2. Introduction of competitive principle:

To introduce competitive principles {effective progress of research due to compe-
tition amongest various approaches) in the first half of the research and develop-
ment, and to select the research themes to be concentrated on in the second half,

based on the evaluation of these results at the middle point.

3. Interdisciplinary and international cooperation:

To promote interdisciplinary and international cooperation to fulfill basic and
challenging aims of this research and development. As a result, to actively per-
form joint researches with organizations like ETL, universities, etc., and invite
sub-contract applications from domestic and overseas research organizations such

as universities, etc.

4. Publication of research achievements:

To ensure publication of research achievement by reporting and publicizing the
progress and results of research and development in domestic and foreign confer-

ences, etc., and actively holding symposiums and workshops as well.

5. Establishment of infrastructure for research activities:

To establish the high-speed computer networking as the infrastructure for inter-
national distributed researches, to support the flexible research formation and

distribution of research results.
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1 Theoretical Foundation

1.1 Research Framework

The real-world environment (including humans within it) is full of uncertainty and
changeability. Human beings, however, can recognize the environment, make decisions
and act in quite a flexible way by integratedly processing a variety of information which
is usually subjected to incompleteness and ambiguity.

Such information processing of human beings can be characterized by the term
“fexible information processing” or “real-world computing” in contrast to the con-
ventional hard information processing by computers which assumes completely given
information in a pre-assumed world or problem domain.

The objective of research and development in theoretical part of this program is to
lay the theoretical foundation and to pursue the technological realization of human-like
flexible information processing as a new paradigm of information processing.

So far, much theoretical research has been done in respective research fields related
to flexible and parallel distributed information processing. These are, for examples,
pattern recognition, multivariate data analysis, probabilistic and statistical inference,
fuzzy logic, and neuro-computing, machine learning, regularization and various opti-
~ mization methods, and so on.

In order to provide a theoretical foundation for flexible information procéssing, it
is important not only to continue in-depth study in these research areas but also to
intend to clarify the theoretical framework of “soft logic® (flexible logical inference)
commonly underlying these fields and to aim at constructing a new unified theoretical
base for dynamic real-world computing. There, probabilistic and statistical formulation
of problems and nonlinear dynamics in conjunction with learning and self-organization
will be a key approach.

For this purpose, it is necessary to expand and generalize the conventional frame-
work of information processing in all respects of information representation, processing
and evaluation, and to systematize basic theories and elementary novel functions for
application on the flexible framework.

The following two are conceived as the most fundamental issues of common concern:
o Integration of multi-modal information (and of heterarchical processing modules)
e Learning and self-organization (optimization and adaptation)

Implementing these in a generalized and flexible framework of massively parallel and
distributed information processing will be a major key point to develop novel functions

for application such as flexible recognition, inference and control. The characteristics of

12




the real-world computing systems: “Openness”, “Robustness” and “Real-time” should
be considered deeply in the researches on the respective topics.

In order to establish the new paradigm of information processing, it is also very
important to learn and get inspiration from nature. Taking into account the findings in
the scientific researches of human brains, evolution process of creatures, and ecological
system, etc. should be promoted by making the chance of exchange of information at
interdisciplinary forum.

The theoretical research will be categorized into the following:
¢ Flexible representation of information,
¢ Evaluation of information and processing models,

e Flexible storage and recall of information,

Integration of information and of processing modules,
¢ Learning and self-organization,
e Optimization methods.

These will serve as the theoretical foundations for the novel functions in various appli-
cations and possibly for new computing architectures.

Because researches of this theoretical foundation part mainly aim at constructing
general unified theory, in what follow we will show only general research topics impor-
tant for all of the application domains and all of the implementation methods. Theory
and models specificly related to each application area and each implementation tech-
nology such as massively parallel computing systems, neural computing systems and

optical computing will be discussed in the other proper sections.

1.2 Research Topics
1.2.1 Flexible Representation of Information

In order to treat a wide range of information from raw sensory data such as visual
images, auditory signals to high-level symbolic languages in a unified manner and con-
struct heterarchical flexible systems, developing of a flexible framework for represent-
ing various kinds of information efficiently and effectively is necessary. This framework
should be able to represent certainty of information, and not only flexible enough to
represent various kinds of information, but also suitable for implementing assaciative
memory and learning or self-organization procedures.

The followings are considered as important research topics:
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¢ Information representation based on multi-way data table,

o Distributed and sparse representation of information,

o Information representation suitable for implementing specific processing proce-

dure,

o Representation of probabilistic knowledge stochastic automata, hidden markov

models, random markov fields, probabilistic decision lists, etc.,

s Representation of information and knowledge as constraints.

1.2.2 Evaluation of Information and Processing Models

For interacting actively with the real world and learning or self-organizing from experi-
ences, real-world computing systems should have the systematic framework for evaluat-
ing the importance of information and the capability of processing models. Evaluation
criteria of regularization conditions used in the processes of information integration are

also necessary.

The followings are considered as important research topics:
e Evaluation of input and output information for learning or self-organization,
e Evaluation of regularization conditions for information integration.
¢ Evaluation of flexibility and reliability of systems,
e Evaluation of processing models and agents for cooperative integration of them,
. Evaluation of input information for active interaction with real-world environ-
ments.
1.2.3 Flexible Storage and Recall of Information

The highly sophisticated functions of the human brain’s memory is a key to the flex-
ible information processing of human beings. Real-world computing systems should
have flexible memory functions to storage and associatively recall various kinds of
information. Thus the research aims at establishing the theoretical analysis of associa-
tive memory and developing new efficient mechanisms for realizing flexible associative
memory should be done.

The followings are considered as important research topics:
e Association using probabilistic reasoning,

e Association using structural similarity, -
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e Associative memory for storing time series,

& Associative memory using non-linear dynamical systems.

1.2.4 Integration of Information and of Processing Modules

Information processing such as inference, prediction, and planning can be considered
as an integration process of various kinds of information and knowledge. It will be
important to carry out the theoretical research to analyze these information integration
processes, and develop a new flexible way for controlling the processes.

Methods of multi-variate data analysis will be provide a candidate for the methods
of information integration. However, most of the conventional methods are limited to
the linear transformations. Non-linear extension of these methods will be important.
Neural network models are considered as giving a kind of non-linear extension. Regu-
larization theory will provide a theoretical foundation for incorporating various kinds
of constraints.

Cooperative processing by a huge number of processing modules is also an important
issue. Research on the integration of processing modules is important.

On these topics, not so much research works has been done so far. Investigating on
the information integration process of human cognitive systems will also be important
as a source of inspiration.

The followings are considered the important research topics:

Integration of information using multivariate data analysis methods and neural

L

network models,

Integration of various kinds of constraints under the regularization theory,

¢ Constraint logic systems including dynamics for controlling information integra-

tion,

Explorations of integration of information in human cognitive processes,

1.2.5 Learning and Self-Organization

One of the most important parts of the theoretical foundation of real-world computing
is the theory of learning and self-organization. In order to construct complex heter-
archical systems, learning and self-organization should play an important role. It is
also important to realize self-organization of memory and data base. In this viewpoint,
conducting the research aiming at constructing computational theory of 1earning [ self-
organization for exploring the learnability of various concepts or structures and devel-

oping novel efficient algorithms will be necessary.
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The followings are considered as important research topics:

e Algorithms for learning probabilistic knowledge,

Algorithms for learning heterarchically structured knowledge,

Algorithms for learning in a changeable environment,

Algorithms for learning from uncertain information,

Learning algorithms using active information acquisition,

Methods for incorporating existing knowledge with learning process,

Selection of models for learning.

1.2.6 Optimization Methods

Information integration processes can be formalized as optimization processes. Learn-
ing and self-organization can also be considered as optimization procedure. Solving
these optimization problems always demand a huge amount of computation. In order
to surmount this difficulty, the research aims to develop approximately correct opti-
mization methods which can be executed effectively on massively parallel sj;stenis will
be important.

The followings are considered as important research topics:

» Probabilistic optimization methods such as simulated annealing, genetic algo-

rithrns, ecological algorithms, evolutionary algorithms,
¢ Optimization using non-linear dynamical systems such as neural network models,

e Other non-linear optimization techniques.

1.3 Research Schedule

The research schedule of theoretical foundation will roughly be divided into two stages.

In the first stage, basic researches are intensively pursued. Theories and models so
far presented in relation to parallel and learning type flexible information processing,
such as pattern recognition, multivariate data analysis and neuro computing, will be
reconsidered and reorganizéd from unified theoretical viewpoint of “soft logic® through
expanding and generalizing the framework of information processing, such as informa-
tion representation and evaluation. In particular, researches on elementary functions,
such as information integration and learning/sell-organization, will intensively be pur-

sued.
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On the theoretical bases, constructive theory and models for basic novel functions
such as flexible recognition, inference and control will be developed in the second stage.
At this stage, interaction with applications will be' mostly promoted with respect to
novel functions. In accordance with system integration of novel functions, theory and
models to treat and coordinate elementary functional modules in higher levels will also

be pursued.
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2 Novel Functions for Application

2.1 Research Framework

Real-world computing systems support various human activities by acquiring many
kinds of information such as images, speech sounds, tactile so on, and processing them
for understanding or planning for controlled actions. These information to be treated
are massive and modal. Moreover the real-world information has incompleteness and
uncertainty because of its nature.

Thus the real-world computing requires the novel functions with flexibilities of
various kinds. The aspects such as robustness, openness and real-time, reflect different
attributes of flexibility. Therefore the key issue for novel functions is how to realize
such flexibility.

Since flexible information processing intends to expand the abilities of information
processing beyond the limitation of conventional one, expected application fields are
quite wide, including for examples various recognition/understanding systems, flexi-
ble information (data/knowledge) bases, decision supporting systems, flexible prob-
lem solving, friendly man-machine interface, adaptive and large-scale simulation, au-
tonomous and cooperative control, and so forth.

The objective of research and development is to investigate elemental novel func-
tions (which serve as contact points with theoretical foundations) in the various appli-
cation fields. Those functions are embodied in respective application fields or integrated
to demonstrate new flexible information systems. The novelty of the functions should
be emerged from new concepts of theory or algorithm suitable to the real-world com-
puting, conquering the bottle-necks such as integration of symbol and pattern, learning,
self-organization, giving new kinds of robust function so on. It is not desired to merely
combine conventional technologies or to make ad-hoc systems for specified tasks.

There, the following two categories are conceived as the important directions of
integrated systems:

o Real-world adaptable autonomous systems,

e Information-integrating interactive systems.

The former means flexible systems which can autonomously understand and con-
trol the environment through active interaction with the real world. The latter means
flexible systems which support and enhance human capabilities through enlarged in-
formation channels between human and systems. The researches and developments on

novel functions for realizing the systems will fall into the following categories:
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Flexible recognition and understanding of multi-modal information such as pat-

tern information like images and speech sounds and symbolic information like

natural languages,

e Flexible inference and problem solving based on flexible information bases which
admit direct treatment of information and have capabilities of learning and self-

organization,

e Flexible human interface and simulation including virtual reality for realizing

mutual interaction between human beings and the real world,

¢ Flexible and autonomous control and integration methods to interact with real

world environment.

Let us explain more concretely the relationship between the systems and the four
categories of novel functions.

The first system means corporated systems between computing modules and the
recal world. The systems work for the purpose of partial replacement of activities of
human beings in the real world. The systems are able to understand the real world
and learn necessary concepts from the information of the real world for adapting new
situations. Moreover they make actions to control the real world for both obtaining
information and creating desired situations. These functions are required to cope with
the uncertain, incomplete and variable characteristics of the real world.

The second system means another corporated systems between computing modules
and human beings. Human beings are able to handle various information. They also
used to create various information in which many kinds of their intentions are embedded
yet in those kinds of ambiguous representation. Computing modules are required to
both understand and integrate those informations flexibly to assist human beings for
solving problems and creating new information. Then the systems should be regarded
as a powerful tool to extend human intelligent activities.

Each system consists of its own fundamental and novel functions which are not
revealed at the present time. Each novel function also is dropped into one of the four
categories described. Some of new functions may be applicable to both systems.

In order to realize real-world adaptable autonomous systems, the following functions

will be required:

o Understanding of scene images,

e Answer and question by spoken natural language between the autonomous infor-

mation system and the real world model including human beings,

o Planning for action sequence and optimal control for adapting the environment,
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e Integration of pattern recognition, incremental world model and control mecha-

nism. -

In order to realize information-integrating interactive systems, the following func-
tions will be required:

e Understanding of intentions from various information produced by human beings,

¢ Realizing intelligent and interactive assistances to retrieve and present valuable

information from a large amount of data in databases,

e Intelligent simulation to create new information findings and forecast transient
state of the real world,

¢ Integration methods for combining human factors and the computational model
of the real world.

The fundamental functions should be evaluated from viewpoints of both how they
contribute for realizing these two systems and how they make breakthroughs in their
own technological fields. The breakthroughs will be related with the aspects of real- -
world computing, namely, robustness, openness and real-time. The research and de-
velopment program tries to discover new algorithms for both individual functions and
integrated functions, In the following, we will list research themes which seemn neces-
sary to realize both systems. This does not necessarily mean that this program pursues
all of these research themes listed.

The computational bases for realizing these novel functions will be massively parallel

and distributed systems including neural systems or optical computing systems.

2.2 Research Topics
2.2.1 Flexible Recognition and Understanding

1. Flexible understanding of images

New paradigms for image understanding in the real world are needed for im-
age processing for the cases of insufficient and inconsistent information. There
are ill-definedness and ill-posedness on image understanding. Many researchers
have dedicated their efforts to the study of recognition, understanding technol-
ogy which is an ultimate means of converting distributed pattern information
into compact representation expressed in language. They have studied various

techniques to meet characteristics specific to subjects.

Early stages of image recogﬁition/understa.nding (colours, shapes, position and

movements) are defined clearly in the form of modules which may be formulated
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as optimization problems, and should be integrated, for example, according to
the constraint satisfaction paradigm. Systems need active conception for the
acquisition of the structure of image data. Sometimes it is important to introduce -
constraints in images in order to improve the structurization. Image processing

in this case includes the computation of constraint satisfaction.

Flexibility of image understanding emerges from the discovery of novel algorithms
for segmentation of image including motion and integration of segmented objects

in images by assuming the world model and using other information if possible.

Some important research themes are:

e Algorithms for learning, self-organizing and segmentation of image data,

o Integration of image features and conceptual symbols for understanding im-
age, |
¢ Construction technology for handling a dynamically changing world based

on image understanding,

o Recognition of motion images of human beings for understanding human
intentions based on flexible and deformable model for non-rigid object rep-

resentation,

¢ Basic mechanisms for extracting intuitive informations from images.

. Flexible understanding of speech

Speech is one of the important information in which flexibilty of information pro-
cessing needs to be realized. This information becomes a powerful one for com-
puter users if the computer understands conversational speech which is speaker-
independent. Flexibility of speech understanding emerges from the discovery of
novel algorithms for extraction of dynamical speech features and integration of
recogniton modules including matching methods under the constraints of incom-
plete recognition. In order to obtain such novel function, the following research
themes need to be considered:

¢ Farly auditory processing and extraction of dynamic features of speech,

¢ Understanding mechanisms which can manage unknown words for the sys-

tem,

¢ Simple and clear recognition algorithms suitable to be implemented by mas-

sively parallel computation.
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Technologies should be developed to make interfaces between computers and

users based on flexible spoken/synthsized speech in the uncontrolled real world.

The following research themes are listed:

e Robust processing of syntax and semantics for symbol sequences (word out-

put of speech recognition) with noise,

e Conversation models driven by speech and dynamic models of the world
linked to conversational speech,

¢ Relationships between speech and other information such as vision which

have complementary characteristics.

3. Flexible understanding of natural language

A very large amount of raw and coded data in natural language is produced in
the real world. However, very little of it is transformed by means of machine un-
derstanding processing to be used for various purposes or in various situations.
Novel functions in this field should be focused on the realization of robust under-
lstanding systemns which can manage a large amount of coded natural language

as raw data to extract a set of concept expressions useful for general purposes.

The key concept of novel function in this case is the segmentation of natural
language so that many kinds of knowledge representations become robust based
on the segmented units incorporating in conceptual and structural splitting and
merging. At the same time, both learning and self-organization mechanisms are
required to obtain up-dated knowledge units each of which may be regarded as

an agent. The following research themes are listed:

e Robust parser applicable to a large amount of incomplete sentences,

o Methods for embedding electrical dictionaries of different kinds into natural

language understanding systems,

o Self-organization algorithms for a sequence of sentences obtained from dia-

logue,

o Computational model to integrate knowledge units through interaction based

on conceptual and structural distance to treat dialogue,
o Explanation oriented understanding of natural language,

e Interaction and complementary relationships between natural language and

other information.
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2.2.2 Flexible Inference and Problem Solving

1. Inference and problem solving

Flexible inference deals with incoherent or incomplete data created in the real
world. Most of data are expressed as symbols. However inference systems may
use numerical expression like probability, likelihood value and so on. In this field,
the knowledge representation problem becomes important because it is required
to formulate problem statements for users based on incomplete requirements.
Flextbiliy of inference will emerge from cooperation mechanism among inference

agents, where each agent is able to carry out a specified task.

Many large systems in our social system, including production systems, have
many different agents where cooperation makes global system stable, semi-optimal
and adaptive. Problem solving is also an important function in the large system.
Research to reveal these mechanisms from viewpoints of massively parallel and
semni-uniform architecture is required in order to apply the various novel functions

to the real world. The following research themes are listed:

o Acquisition of semi-global relationships or constraints and problem descrip-

tion frameworks based on incomplete requirements,

¢ Flexible algorithm of problem solving based on analogous or stochastic in-

ference,

o Cooperation method between a plurality of inference engine agents or coop-

eration with human for realizing flexible inference,

» Problem solving of large systemns under the constraint of limited communi-

cation channels.

2. Flexible information bases and retrieval

Human beings are surrounded in daily life by different information, such as im-
age, speech, text, tactile and so on; some of them are produced and controlled
while others are not. Human beings seem to use available input data for infor-
mation retrieval by integrating different information and using flexible inference
function unconsciously. It is important to determine this mechanism in order
to implement solutions by means of computer networks, since different data on
different information are distributed at different locations in our society. These
data become more valuable if they are integrated. The flexibility of informa-
tion bases is strongly connected with self-organizing mechanism of them. The

following research themes are listed:
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2.2.3

1.

¢ Knowledge representation which is common to or independent from each
“other, '

¢ Self-organizing mechanism of large scale information bases,

e Learning algorithms to obtain cooperation between many kinds of informa-

tion, and acquisition of correspondence to each other,

¢ IFormalization of interaction between information and representation of data

structure suitable to each information,

¢ Inference for information retrieval.

Flexible Human Interface and Simulation

Flexible interface

Novel way of using the real world computing system must be developed in parallel
with the development of individual novel functions mentioned above. The novel
information processing environment is conceived to provide a human user with
a wide range of intelligent and/or physical collaborative activities with the com:
puter system. In such environment the human user is able to interact with the
computer by such natural means as gestures, facial expressions, spcken language
and to receive infomation by means of the real time 3-D images etc. Related
research themes to realize such infomation processing environment includes the
followings:

* Broad-band multi-mordal interface (human body action, facial expression,

recognition of linguistic and visual patterns, etc.),
o Information display system with virtual reality,

¢ Cognitive and behavior models to understand human intention by his gesture

with his facial expression.

. Simulation

Real-world computing realizes novel simulation technologies which will provide
a human user with a powerful tool to solve very difficult problems. Instead
of doing expensive and time consuming physical experiments which may not be
always precise, the computing system should be able to simulate a very large scale -
complex system and to predict its behavior in real-time. Prediction of untapped
phenomena and future events, such as the earth environment and weather forcast,

is important application of the real-world computing. Related research themes

are:

» Learning/adaptation type simulation,
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¢ Prediction and control of complex/chaotic time series.

2.2.4 Flexible Autonomous Control

Research is needed to focus on the development of technologies necessary to realize
a flexible autonomous coordinated system operating in the real world in real time.
A robot is a typical example. Application also includes the aids for the elderly or
physically handicapped people. Such a system is composed of various function modules
interacting each other for perception, decision and action. Problems to be solved are
how to integrate these various functions and how to control interactions among function
modules in order to achieve desired goal state under the constraints of real world:
incompleteness and ambiguity of available information, dynamic change of physical
environment, limitation of available time and space and so on. Followings are related

theme of research.

¢ Plexible modeling of environment/task/control,

o Active, distributed sensing and sensory integration,

On-site planning and distributed cooperative search,

Structurization and coordination of multi sensing/planning/action agents for real

time skillful manipulation of ohjects,

o Maintenance of consistency between internal world model with the dynamic real

world.

2.3 Research Schedule

The research schedule will be divided into two stages.

In the first stage, researches for discovering algorithms will be pursued for realizing
elemental novel functions necessary to the integrated systems. The research milestones
of flexible recognition and understanding will be the establishment of recognition of
motion images including finger motion and gesture, and the establishment of under-
standing of conversational speech. One of the research milestones of flexible inference
and problem solving will be to develop information bases of specified knowledge domain
including image data to which new ideas of flexible inference and problem solving ap-
plied for both developing and innovating where the new ideas will include new types of
algorithm for solving statistical inference problem and constraint satisfaction problem.
Another milestone will be the discovery of method for self-organizing a large amount
of information bases. One of the milestones of flexible human interface and simulation
will be to reveal relationship between human intention and broad-band information
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of human beings by combining information processing mechanisms and psychological

evidences and experiments. Another milestone will be the establishment of display
methodology including virtual reality for representing time-variant situations created
using recognition/understanding results. The milestone of fiexible autonomous control
is the discovery of the principle methodology to integrate sensing, perception, planning
and action in the real-world from the viewpoint of adaptation/learning.

In the second stage, researches on integration of elemental novel functions discov-
ered in the first stage will be pursued for the purpose of realizing integrated systems
called real-world adaptable autonomous system and information-integrating interactive
system. One of the research milestones of the second stage will be the realization of
real-world computation systems which work in real time. The intelligent and sophis-
_ ticated resclution of combinatorial problem will be pursued for integrating individual
novel functions developed in this program. Then each novel function in an integrated
system will cooperate with others in order to create new novel functions in connection
with robustness and openness of the system.

Researches for integrating elemental novel functions may be pursued partially in
the first stage, while the first stage dominates researches for elemental novel functions
and vice versa in the second stage.

Each research includes such activities as trying to discover new algorithms which will
stimulate the related researches for creating new paradigm suitable for the real-world
computing where theoretical foundations of new algorithm are not always required at
the stage of discovery. The research then establishes new technologies of the real-world
computing based on both implementation schemes and theoretical foundations of novel
functions.

However each research theme should be reviewed after five years. During the review,
each function will be evaluated on whether how it will be implemented or reflected in
the parallel machine developed in the program or what breakthrough it will make in

its own technological field related to real-world computing.
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3 Massively Parallel Systems

3.1 Research Framework

Real-world computing requires a computation framework which can process various
kinds of information flexibly and with integrity. Some novel functions for real-world
computing applications are flexible recognition and understanding, flexible inference
and problem solving, flexible human interface and simulation, and flexible autonomous
control. A system which implements one of these applications is likely to consist of
many modules, which can exploit parallel and distributed processing at several levels
both within and between modules.

Several parallel paradigms applicable to the above applications have been proposed,
including , concurrent object oriented, dataflow, and data parallel, neural network,
probability based information processing. Real-world computing will probably be.real-
ized by some combination of these paradigms. In such a flexible information processing
system, there are many levels of parallelism to be exploited. These new paradigms are
naturally adopted to a massively parallel system and they require a huge amount of
computation to solve practical problems within a reasonable amount of time. These
observations show that a massively parallel system is necessary to support efficient
computational power of real-world computing and it must also be a system which can
efficiently execute the multi-paradigm.

The massively parallel system which is the computational base of real-world com-
puting should be flexible in itself. The system flexibility comes in part from hardware,
in part from architecture and in part from software. Hardware robustness and reliable-
ness are essential. [t should be general-purpose from an architectural point, because
a massively parallel system should support multi-paradigms efficiently. Software will
be needed to realize the functions of adaptation, self-organization and optimization.
The system is one that can adapt itself to application environments for optimal perfor-
mance. This flexible system will deliver maximum performance while minimizing the
burden on the users. The goals of general-purpose massively parallel systems research
in this program concern the development of architecture, operating systems, languages,

and system environments of massively parallel systems.

3.2 Research Topics
3.2.1 Massively Parallel Architectures

The following are fundamental technologies which should be pursued in the develop-

ment of general-purpose massively parallel systems.
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1. Model

Flexible execution models which can be bases of general-purpose architectures

should have the ability to fill the gaps between the language models and hardware.
Flexibility which allows a mapping of a virtual computer onto actual processing
elements should also be pursued.

2. Architecture
The architecture must support various paradigms efficiently. The massively par-
alle! systemn should be based on a general-purpose architecture which does not
focus on any special applications. It is also important to study hardware archi-
tecture in consideration of future device technology and packaging technology for
an efficient implementation of massively parallel system.

3. Interconnection network
The interconnection network should provide high speed communication which is
comparable to computation speed. It should also provide support for dynamic
load distribution, global synchronization, global priority control. In implementing
the high speed interconnection network system not only silicon technologies but

also optical technologies should be considered.

4. Robustness/Reliability
Hardware oriented robustness which can tolerate expected component failures
in massively parallel systems should be examined. System components should
have self checking and self repairing facilities. The total system should have a

maintenance architecture or facilities to maintain system reliability.

The system to be developed in the Real-World Computing Program should be
a general-purpose massively parallel system. The general-purpose nature may be
achieved by mapping the multi-paradigm model to the hardware execution model in
software. If the hardware can be modified and adapted to a variety of applications, it
may be considered as general-purpose. Since a huge number of modules or processes
must be processed concurrently in real-world computing, architectural mechanisms
which can support rapid process switching and cheap synchronization should be im-
plemented as an integral component of the system.

In the first half of this program, a prototype system which consists of 10* processing
elements should be developed. Several hardware brototype systems are developed in
this stage. One of these prototypes should be designed and developed as a platform. A
platform system is used for tools of software development and a research platform on
novel functions. Fundamental researches on massively parallel model and architecture

are also concurrently studied. In the second half, a massively parallel system to be
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developed is expectéd to have the order of 10° processing elements. It will have the
ability to execute various kinds of real-world computing applications at real time speed.
The architecture will be based on the new massively parallel computing model to be

studied in this program.

3.2.2 Operating Systems for Massively Parallel Systems

The primary purpose of the operating systems are to assign computer resources to
processes for efficiency and to build a user-friendly software environment behind which
hardware details are hidden. Like operating systems for a serial computer, operating
systems for massively parallel systems must be general-purpose, interactive, multi-user
parallel systems.

The operating system for a massively parallel system should be designed to support
the execution of various processes concurrently with high throughput. To administer
massively parallel processors, the operating systemn may have a hierarchical structure
much like human society. Support for the simultaneous execution of a number of pafal-
lel programs requires the operating systems to coordinate the partitioning of resources
among the programs, as well as any dynamic repartioning at run-time. The local-
ity, the concept of grouping activities and the principle of balancing are guidelines for
partitioning.

One goal of an operating system is to provide the programmers a higher level of
abstraction of a general-purpose parallel systems in order to make parallel programming
easier. Through the abstraction, the operating system manages the resources and
coordinates several user programs according to the above guidelines.

The research issues of an operating system for the massively parallel system are as

follows:

1. Hierarchical structure
To realize a functionally distributed management system for flexible processor
management, the operating system may require a hierarchical structure. Hier-
archical structure makes the system scalable for a massively parallel system. It
is required that some eflicient mechanisms to control activities and its hierarchi-
cal structure in terms of hardware and software. The reduction of overhead for

controlling parallelism or executing critical sections should be considered.

2. Network management
Advanced intelligent routing, addressing, synchronization, deadlock prevention,
flow control, and failure avoidance should be incorporated into a flexible network
management systerm.
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3. Resource management and load distribution

In the massively parallel system, the elimination of synchronization overhead, ac-
cess contention and communication overhead will become more serious issues. To
overcome these problems, the operating system should be able to collect manage-
ment information autonomously and undertake statistical management or adap-
tive management. Memory management and virtual systems for several resources
should also pursued for efficient scheduling and load distribution. For example,
paging and virtual memory are the most successful ideas in memory management
for a conventional computer system. It seems reasonable to expect these benefits
in parallel systems. In order to balance load among processors, it is sometime
desirable to migrate a group of processes to other set of processors. Efficient
hardware support is needed to support process migration efficiently as well as

the operating system facility.

4. Fault tolerance
In the massively parallel system, resource management should be carried out in
a manner which allows for expected component failure rates. Therefore, it is
necessary to handle the failure avoidance system as a normal process. Multiple-
route processing will also be required in order to deal with failures. In order
to manage the massively parallel system efficiently, advanced intelligent routing
and failure avoidance should be incorporated into a flexible network management

system.

3.2.3 Languages for Massively Parallel Systems

The language for the maséively parallel system must be able to describe the coordinated
operations of a number of processes. Several languages based on several paradigms
should be considered. The problem is how to extract the available parallelism in the
problem domain, and be able to execute it with as much parallelism as the underly-
ing system can provide. The user programs for such a system will be very complex.
Development, verification, testing, debugging, and maintenance of large-scale parallel
programs will be far more complex compared to the sequential counterparts. Vari-
ons compilation techniques and run-time implementation techniques scalable to nearly
one million processors should be studied. Design and prototyping of the language
model and creation of the high level language models should be done. Some high level

languages which can be used for practical applications should be implemented. The

following items should be considered.

1. Language model

Language model is a description model for flexible programming languages of
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massively parallel systems. The language model can provide a basic program-

ming abstraction for the underlying architecture. The model must be simple
and be sufficiently close to the underlying architectures so as not to restrict their
computing power, and at the same time provide powerful means of abstraction to
promote software programmability, portability, and reusability. Here, one viable
candidate is the object-oriented concurrency model. In the research of language
model, the fundamental research on supporting flexible language, model of de-
scribing coordinating and cooperating actions, inheritance and reflections should
be pursued. Inheritance serves to adapt the objects to a certain computing en-
vironment. Recent studies have provided deep theoretical foundations to object-
oriented concurrency with regards to the concurrent behavior as well as their
inheritance behavior. The idea of reflection in a language is to make the rep-
resentation of the underlying program execution scheme manipulable within the
language. Reflection allows the parallel system to encompass scheduling, com-

munication, and load-balancing within the programming language framework.

. High level languages for massively parallel systems

The primary goals of high level languages for massively parallel systems should
be ease of programming and also the ability to describe computation on the scale
of a million processors. Several languages which will based on multiple paral-
lel paradigms will be considered. One viable candidates of such languages will
be an appropriate é.ma.lgamation of concurrent object-oriented, functional, and
declarative constraint-based approaches. This amalgamation will create layers of
programming languages. The common base language make it possible to provide
the basic programming abstraction of the several high level languages. Efficient
inter-layer compilation techniques must be developed so as not to preclude the use
of high level languages. Support for speculative computation within the parallel
constraint satisfaction framework will be also exploited. As for the concurrent
object-oriented languages, currently available object oriented models are not in-
tended to process more than million processes, so the following extensions will
be needed.

¢ Introduction of a description system permitting hierarchical decomposition
of complexity,

Diversification of message propagation systems,

Introduction of self-reflection functions for adapting and evolving objects,

Declarative description of object relationships.
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3.2.4 Environments for System Development and Programming

1. Programming environment _
Multi-paradigm can give users the freedom to choose among various programming
languages. The need to develop a programming environment that can support
multi-paradigm programming is expected. Tools for débugging, graphically mon-
itoring and analyzing load balance, communication characteristics, etc. will also
be required. Since these functions may need hardware support, the architectural

design should take these requirements into consideration.

2. System development support environment
The requirements of an environment supporting the development of the mas-
sively parallel system include two features different from conventional ones. One
is the support for the interconnection network development. In the development
of the interconnection network, the requirements and limitations of several goals
should be examined, including robustness, dynamic load distribution, and global
synchronization mechanisms. The overall functions and performance of the inter-
connection network should be evaluable in advance by system-level simulation.
The other is the support for the architecture development of processing element.
In the development of an architecture for the processing elements of the mas-
sively parallel system, a set of basic functions for processing elements should be
determined through a functional assessment of the various subsystems, including

‘the interconnection network.

3.2.5 System Evaluation

The application fields should be picked to verify the effectiveness of massively paral-
lel computational bases for real-world computing. The simulations that are dedicated
to the prediction of future events from established models are examples for this pur-
pose. These simulations can predict macro-behavior by describing interactions between
micro-elements. Massively parallel systems are expected to handle situations such as
non-linear or many-body problems by direct mapping paradigm. They will also be ex-
pected to handle simulations where the governing equations are difficult to formulate
because of the complexity of the phenomena or of the incompleteness of our knowledge
to describe the phenomena stochastically.

3.3 Research Schedule

The final massively parallel system to be developed is expected to have the order of

a million processing elements. However, it would be risky to develop such a large
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system in one step; prototyping is therefore essential. The prototype systems will be
constructed in the middle of the program. The development technologies used will
be intermediaries between the currently available ones and those required for the final
systems. The progress of semiconductor technologies must be watched closely to set
up the development plan. A platform system which is used for tools of software devel-
opment and a research platform of novel functions should be constructed. One of the
prototypes will be designed and developed as a platform. The software development on
this platform system is very important [or using the platform system as computational
bases in the program. The final systems is the integration of the massively parallel
systems and the neural systems. ‘

The research and development of massively parallel systems is divided into two

stages as follows.

1. The first stage
Several hardware prototype systems are developed in this stage. One of these
protolypes is called platform system which is used as a platform for software
implementation and evaluation. Prototype systems should be designed and de-
veloped as intermediate goals of the final massively parallel systems. At the end
of the first half of the program, these prototype systems including a platform
system are evaluated from the standpoint of designing final systems. Fundamen-
tal Tesearch on massively parallel model and architecture are also concurrently
studied. The establishment of the concept for languages and operating system,
and prototyping on the platform system is pursued in this stage. Design and
implementation of the common base language is done first. The research of the
language model is also pursued to provide means of abstraction of high level spe-
cialized languages. Some high level languages and operating systems which can
be used for practical applications in the second stage should be implemented on
the platform system. Various compilation techniques and run-time implementa-
tion techniques will also be studied on the prototype systems. Also, a new user
programming environment must be created to facilitate millions of concurrent
objects executing simultaneously. We must provide special purpose high level

languages which will accommodate the users’ needs.

2. The second stage
The final system (or systems) are designed in the second half of the program
based on the evaluation of the prototype systems which is developed in the first
stage. The bases of the final system are selected from the prototype systems. The
important technologies which are developed in the first stage are integrated into
the design of the final system. The second half of the program is dedicated to
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developing the massively parallel system based on the massively parallel model
which will be studied in the first stage. [t will also be based on the results of

research on theoretical foundations and novel functions in the first half of the

program. The final system and the neural system will be integrated into a inte-
grated information processing systems. As for the software research, the second
half of the program will focus on the implementation of the massively parallel
operating systems and language systems. The extension of the high level lan-
guage models is also pursued. Optimized compilation techniques is implemented
on the platform and its prototyping is studied on the final system. Furthermore,
in order to harness the complexity, hierarchical decomposition methodology of

large-scale parallel programs and analysis framework should be studied.

Many researchers in this program should be able to use the platform system from
their respective research institutes. This will be accomplished by connecting the re-
search institutes and the platform system through high speed global network. The
research and development of the total structure on such network environments should
be pursued. In addition, the system software should support a standard user interface
and a currently used system environment. The installation of small platform systems
with a smaller number of processing elements at each research institutes will be con-
sidered. The ability for many researchers to work in common circumstances, giving
them common concepts and technologies for real-world computing, is very important

in the promotion of this program.
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4 Neural Systems

4.1 Research Framework

The brain performs certain sorts of computations many times faster than the fastest
digital computer, despite the fact that the processing speed of neurons are five or six
orders of magnitude slower than that of silicon logic gates. Neural systems are systems
that are deliberately constructed to use some of the organizational principles that are
used by living creatures. We expect that a brain-like neural system would perform
special types of information processing at high speed and generate intelligent behavior.

Characteristic of information processing using neural networks, is that many simple
processing units function according to the principles of ”"cooperation and competition”
while maintaining close information exchange among them. In addition, since the
programs that are used in conventional computers are expressed by the connection
strength, the system can perform learning and adaptation by making use of conven-
tional numerical optimization techniques. All these features make neural systems a
promising platform for flexible information processing.

Recently various neural network models have been proposed and demonstrated
to be suitable for pattern processing, finding approximate solutions to optimization
problems, for constraint satisfaction processing, etc. However, these networks have
been restricted to small-scale applications. The neural models which were used in such
applications were very simple and the learning method used was almost exclusively the
back-propagation technique. The implementation of flexible information processing is
a difficult problem compared with past applications. We have to explore new abilities
of neural networks : new neural models, learning methods, self-organization, etc.

Today, neural networks are usually built and simulated on conventional comput-
ers. However, simulation speed is very slow, particularly with large networks. The
problem may be overcome by using general purpose massively parallel computers, but
considering the cost and integration scale, special purpose hardware will be desired.

In this program, we would like to exploit the abilities of large scale neural networks
in order to implement a flexible information processing system which can work in real-
world domains. The goal of this program is to construct a neural system which consists
of hardware and software systems based on novel neural models. The development of
neural models is one of the important themes of this program. The models must
support large scale neural networks which can acquire knowledge or adaptively change
their structures by interacting with external environments. The hardware system is
expected to support a one million unit neural network and attain 10 TCUPS (Tera
Connection Updates Per Second). The final neural system will consist of special neural

hardware, its software, and cooperate with the massively parallel system for flexible
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information processing. The integration mechanisms with the-massively parallel system

should be developed by cooperating with the research groups of the massively parallel
systems. '

4.2 Research Topics

4.2.1 Neural Models

We are going to develop new neural models which realize flexible information systems.
The flexible information system will be implemented by large scale neural networks
which adaptively change their structures by interacting with the real world. The net-
work grows dynamically by supervised learning or self-organization in a real-time en-
vironment. However, the network should not forget existing knowledge when it grows.
In order to satisfy these requirements, the network should be structured to have the
following characteristics: modularity, hierarchical structuring, and differentiation. Re-

alizing these characteristics will require research in the following fields:

1. Neuron unit models
To date, neural network research has mainly used simple neuron unit models,
and has succeeded only in limited areas of application. The development of
more sophisticated neuron models will lead to generate functional intelligence.
For example, chaotic neuron models, complex-number neurons, and neuron logic
models (in which neurons possess logical properties) are proposed as candidates
for sophiéticated neuron unit models. We have to evaluate their capabilities and

develop new neuron unit models.

2. Modularity and hierarchical structure
Large scale neural networks of the real world must interact with the external
environment, and change their network structure by adaptation or training. In
such a situation, new knowledge should be acquired without the destruction of
existing knowledge, and information should be efficiently retrievable. In order to
meet these requirements, modularization and hierarchical structuring of knowl-
edge should be developed. We have to develop a distributed learning method
and learning control method for modularization, structuring, and differentiation.

The following mechanisms should be cousidered:

e Construction of differentiation and hierarchical structure by adapting to the
external environment,

e Autonomous growth of neural networks by interaction with the real world,

¢ Modularization using centered or distributed-control,
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¢ Interaction between modules,

o - Evaluation methods in modularization and hierarchical structuring,.

3. Learning and self-organization
In real-world computation, real-time learning is very important. The develop-
ment of learning methods which can add new knowledge without destroying old
knowledge, and which can delete existing knowledge without loss of consistency is
important. Many large scale neural networks contain recurrent loops. Recurrent
neural networks are promising for temporal pattern recognition and temporal
pattern generation, while layered neural networks are effective in spatial pattern
recognition tasks. Also, recurrent neural networks can be used to solve optimiza-
tion problems because of their constraint satisfaction capabilities. Recurrent
neural networks will play an important role over the next ten years. learning

methods and self-organization mechanismms for recurrent networks must be estab-

lished.

Network topology and/or size are two of the most critical parameters in determin-
ing generalization performance. We have to develop learning procedures that will
construct optimal self-organized networks. Such networks should be sufficiently

large to learn the problem, and small enough to generalize well.

4. Associative memories
Memory which can be implemented by neural networks has interesting charac-
teristics. Information such as spatial or temporal patterns can be stored in a
memory using a distributed representation. This stored information can be re-
trieved, based on the closest match mechanism. Theories of memory mechanisms
such as memory capacity, topological structure of memory etc. are important
research themes. We have to clarify the principles of association, and develop

engineering mechanisms which implement these functions.

5. Analog computation models 7
Information processing of neural systems can be supported by their analog non-
linear dynamics. From this point of view, we have to clarify new principles of

analog computing in neural systems including chaotic dynamics.

6. Integration of models . _
Models which integrate different paradigms should be investigated. For example,
the integration of neural networks and logical processing (e.g. using a soft logic
inference model), and the combination of pattern processing and symbolic pro-

cessing may be required to implement the neural system. The integrated model
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should be run on a parallel processing environment. Input/output representations

are interface with other models or external environments,

The choice of representation of input/output information to/from a neural net-
work strongly influences the processing capabilities. Therefore theoretical and
experimental research on input/output representations to/from neural networks

is critical for the development of the neural system.

4,2.2 Hardware for Neural Systems

The neural system should support a one million unit neural network which interacts
with the external environment and changes its siructure adaptively. Such a large neural
network may be modularized and consist of sub-neural networks, each of which has a
thousand neurons that are fully interconnected.

In order to satisfy such requirements, the final hardware system must achieves 10
TCUPS processing speed. In designing the special hardware, it should be noted that
the model of neural networks has not been clarified yet and that various other new
models would be most likely to be announced in the future. The hardware will also
be required to process a wide variety of neural network structures such as layered type
and recurrent type. General purpose and scalable mechanisms should be embedded
in the architecture. Therefore various architectures should be examined in the early
phase of this program.

The neural hardware can be classified into the following three types:
¢ Neuro-accelerator,

¢ VLSI neuro-chip,

¢ Engineering implementation of neural networks.

The Neuro-accelerator is a special purpose parallel processor which is tailored for neu-
ral network processing. Though many architectures have been proposed, the typical
structure consists of hundreds of processing elements and achieves 1 GCUPS. The VLSI
neuro-chips consist of hardware neuron unit(s) which simulate neuron unit models. The
gpectrum of neuro-chip architectures is wide, ranging from the digital processing chip
to the analog processing chip. The third approach is an engineering implementation
of neural networks. It uses hardware logic to simulate the functions which are realized
by neural networks. It is impossible to compare them, because each chip has its own
features such as learning capability, scalability, etc. In the neural system, we will focus
on the second and third approach.

The following options could be considered.
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1. Digital circuits neuro-chip
Digital circuits offer substantial advantages in noise tolerance and high accuracy
processing, and are suitable for stable operation of large scale systems. The
manufacturing technologies for computers can be directly applied to neural digital
circuits. In addition to the conventional approach, variations are proposed such
as the pulse-density model. These approaches may give new capabilities to the

neuro-chip.

2. Analog circuits neuro-chip
Analog systems save hardware volume because operational circuits are fewer. It
is attractive for the development of large-scale networks. Also, analog circuits

can process dynamic and other complex neural networks such as chaotic neurons.

3. Hybrid neuro-chip
We can consider the digital-analog hybrid chips which make use of each of these

advantages.

4. Engineering implementation of neural networks.
The neuro-chips menticned above implement the neuron unit model directly.
There is however another approach to realizing neural network functions (e.g.
association) by using logical hardware, which does not simulate the neuron unit
models. Such systems could be constructed by the repetition of simple logical

circuits.

In a neural system, all fhe units basically exchange their activation values. There-
fore the interconnection network between processing units is an important design point.
Time-multiplexing and frequency- multiplexing methods will be candidates to elimi-
nate the problem. The design of the interconnection network is closely related to the
implementation technologies. The interconnection band-width is restricted by the pin
number of the neuro-chip and the board. Wafer scale integration, three dimensional
VLSI architecture, and optical interconnection will be important technologies. The
development of these technologies is valuable if the technologies are commonly used
in this program. Tools such as libraries of standard neuron cells will be required for
neural ASICs. Silicon compilation of networks is important for embedded applications.

4.2.3 Softwaf'e for Neural Systems

In the research and development of neural systems, various neural software systems

will be necessary.

1. Simulation systems

Simulation systems for neural networks are important tools for neural network
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research and development. Most neural network researchers have their own simu-
lators. A flexible general purpose neural simulator for large scale neural networks
will be a powerful tool. The requirements for such a simulator would be machine
independence, expandability, convenient user interface, high speed processing,
and variety of utility routines. Analytical tools should be integrated into the
simulator, to describe the algebra and geometry of neural learning and to permit
transformations of the network dynamics in order to achieve better convergence

and/or cognitive performance.

. Neural network languages
Neural network processing should be programmed by high level languages. The
following research and development themes will be required to design such lan-
guages.

e Representation of ambiguous information, -

e Description of best match operations,

¢ Integration with logical programming,

¢ Integration with simulators.

. Operating systems ‘

In general, the number of hardware neurons will be smaller than the number
of units in a neural network. Therefore, a virtual mechanism to fill the gap is
important.

¢ Mechanisms for mapping neural network into hardware,

e Resource scheduling.

4.2.4 Integration with Massively Paralle] Systems

The neural system may consist of various neural subsystems. However, the neural

system will be a kind of special purpose processor for pattern recognition, associative

memory, optimal combinatorial search and other special functions. This means that
the neural system must be connected or integrated with other systems. Various inte-

gration mechanisms can be considered, from the closely coupled to the loosely coupled

cooperative architecture. The following integrated mechanisms can be candidates:

e Closely coupled integration: neural networks are connected to each processing

element of a massively parallel system as an associative memory.

e Loosely coupled integration: a massively parallel system sends a special job such

as an optimization problem, to the neural system as a dedicated system.
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4.2.5 System Evaluation

Neural theories and models are evaluated according to whether the functions listed in
section 4.2.1 are satisfied or not. The neural hardware is evaluated using two methods.
The first one is the evaluation of processing speed (TCUPS). And the second one is the
evaluation of the execution of real applications which are developed in this program. In
the benchmark application, flexible and high speed information processing should be
realized. Flexible motion image processing and information integration by multi-neural

networks are candidates of the benchmark program.

4.3 Research Schedule

The neural system development has two stages. Each stage is five yéars long. In the
first developmental stage, models and hardware architectures are researched. Various
kind of models should be proposed and examined in the first stage. Some models
which are selected by the evaluation will be candidates for the second stage. Their
characteristics will affect the design of the final system architectures.

A hardware prototype system will be constructed for the second developmenta,l stage.
The hardware system is expected to have ten thousands processing units, and will be a
platform system which will be used for researching neural models and novel functions.
The technologies used in the first stage will be intermediary between those currently
available, and those required for the final system.

The second stage is the construction of the final system. Neural models and ar-
chitectures will be refined, based on the results of the first stage. The models have to
work efficiently on the final system. The implementation methods of models on the
neural hardware should be researched in this stage.

The first hardware architecture prototype will be used and evaluated for further re-
search and development. A final neural system which has the order of one million
neuron processing units will be designed and constructed by using new hardware tech-
nologies and other results of the program. The final system will be integrated with
‘the massively parallel system. The integration mechanism should be a most impor-
tant aspect of the final system architecture. In particular, new integration mechanisms
should be discussed to construct the final integrated system in the early years of the
latter stage. Some application systems will be implemented on the system, and the

total system should be evaluated.
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5 Optical Computing Systems

5.1 Research Framework

Light is expected as a new information medium because of ils extended transmis-
sion capacity and massively parallel processing capability. Optics provides new device
technology as well as new architectures and algorithms in the Real-World Comput-
ing Program which aims at flexible information processing by massively parallel and
massively distributed processing.

Optical technology to be developed in the program will be classified into three

categories.
o Optical interconnection,
e Optical neural systems,
e Optical digital systems.

Optical interconnection aims to overcome so called wiring limit which electronic
systems are now facing. Optical interconnection is also the key technology for realizing
optical neural systems and optical digital systems.

Optical neural systems aim to realize real-time learning and associative processing
of images and other distributed data by connecting neurons with light.

Optical digital systems aim to realize massively parallel processing with computa-
tional accuracy using light.

Optical computing technologies presuppose the development of optical devices.

Modularization of optoelectronic devices is also an important goal of the Real-
World Computing Program. Optical enhancement into highly parallel and massively
distributed systems will be verified with the modules.

5.2 Research Topics
5.2.1 Optical Interconnection

Optical interconnection merges advanced electronics technology represented by VLSI
with optical communication technology to eliminate information transmission problems
in electronic systems, such as propagation delay, line to line crosstalk, space factors of
wiring and mounting, and large power consumption.

Optical interconnection aims to break through the above limits and offer a high-
speed, large capacity and flexible information transmission. '

In order to develop optical interconnection, the following issues are important.
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1. Optical interconnection devices

Optical interconnection devices include optoelectronic active and passive devices.
The combination of these devices realizes high-speed, large capacity and recon-
figurable interconnection networks, using high-density multiplexing technologies

in the area of time, space and wavelength.

Ultrafast optical interconnection devices aim for sub-picosecond high-speed de-

vices to achieve large-capacity interconnection by using time division multiplex-
ing(TDM).

Space-parallel and for functional optical interconnection devices aim to implement
reconfigurable high throughput optical interconnect, using space division multi-

plexing(SDM) technology combined with their various electro-photonic functions.

Wavelength-parallel and/or functional optical interconnection devices aim to
achieve large capacity optical interconnect by using wavelength division mul-
tiplexing(WDM) technology. A high capacity signal bus is realized by WDM

technique.

Passive optical interconnection elements including micro-optics and diffractive
elements aim to develop optical components having advantages of both stability

and high-density optical interconnections.

Advanced optoelectronic integrated devices and circuits combining different ma-
terial systems and/or functions aim to achieve compact devices for the next-

generation following the aforementioned devices.

2. Optical interconnection network

Establishment of architecture and design technology aims to realize system de-
sign of compact, high-speed, and multi-channel optical interconnection networks

having such flexible functions as reconfigurability and selfrouting.

Interchip and intrachip optical interconnection aim to develop high-speed and
flexible optical interconnection network between processing elements, between

processors and memories, and between memories.

Modularization of aoptoelectronic devices and passive optical elements aims to
realize integration and miniaturization of optical interconnection components,
which eliminates the problem of high-precision alignment.

5.2.2 Optical Neural Systems

Optical neural systems realize the real-time processing of images and other spatially
distributed information or spectral information through learning and associative pro-
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cessing using massive and flexible interconnectivity of light.

In order to develop such systems, the following issues are important.

" 1. Optical neural models

Direct image processing model aims to develop a model which permits direct
irput of 2-D and/or 3-D image information into the neural network and process
it.

Model based on the physical phenomena of light aims to develop a novel type

of theoretical model using physical phenomena of light such as bistability, chaos,
phase-conjugation, etc.

Expandable modular model aims to develop an expandable, flexible model con-

sisting of a number of unit modules.

Model suitable for analog devices aims to develop a model intended for imple-
menting optical analog devices which are low in accuracy but excellent in large

scale configuration and high speed.

. Optical neural devices

Optical neural devices with large-scale, high-speed learning functions aim to de-
velop large-scale optical array devices which can vary synaptic connection weights

according to electric and/or optical learning signals.

Optical neural devices for image processing alm to develop optical devices for
direct image recognition and processing, and devices for extracting features of

input images.

Modularization of optical devices aims to realize modularization and standard-

ization of optical neuro-chips.

: Optica,l. neural systems

Establishment of design technology aims to establish design methodology for the
distribution of functions and hierarchization of the system, and ta realize accurate

processing through system integration with digital computer.

Establishment of learning method aims to develop technologies for acquiring the
knowledge from the training signals, storing them as structured knowledge, and
technologies for increasing learning speed.

Realization of human friendly 1/O interfaces aims to develop technologies for
direct processing of multimedia information, and also to develop image database

allowing direct search of images by key image.
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5.2.3 Optical Digital Systems

Optical digital systems realize the processing of images and other spatially distributed
information or spectral information with logical computation principle using massive
and flexible connectivity of light.

In order to develop such systems, the following issues are required.

1. Optical logic devices

Ultrafast optical logic devices aim to develop high-speed binary and/or multi-
valued optical devices, and their two dimensional integration with low power

consumption.

Space-parallel optical logic devices aim to develop space-parallel optical devices

with encoding signals in the form of spatially coded pattern.

Wavelength-parallel optical logic devices aim to develop wavelength-parallel op-
tical devices with encoding signals in the form of a combination of light with

different wavelength.

Passive optical devices aim to develop micro-optics, planar optics, diffractive

optics and high-precision optics.

2. Optical logic circuit

Optical interconnection between optical logic devices aims to develop the method

of reconfigurable optical interconnection network and its instrumentation.

Optical functional medules aim to modularize optical logic devices, parallel op-

tical registers, parallel optical memories, optical crossbar switches, and optical

I/O units.

3. Optical digital systems

Establishment of architecture and design technology aims to design reconfigurable
optical parallel computers and to establish CAD technology for 3-D optical circuit

design.

Input/output interface aims to develop physical and logical interface technolo-
gies which realize high-speed exchange of data between optical logic circuits and

electronic systems.

Implementation technology for optical modules aims to develop implementation
technology of optical functional module array, and integration technology of dif-

ferent functional modules.
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Programming language and compiler aim to develop higher level programming

languages and compilers for optical digital systems compatible with those for

electronic computers, and compilers.

5.2.4 Environments for System Development

OEICs are key devices for optical interconnection as well as optical neural system and
optical digital system. OEICs developments should be based on the common platiorm
of processing and module technologies to yield the standardization for interchangeabil-
ity in system.

The following subjects are required:
o Advanced OEIC processing technology,
¢ OEIC module technology,

o Standardization and CAD technology

Advanced OEIC processing technology aims to develop fundamental technologies
for wafer growth and device process which realize OEICs with high-performance,
reliability, and productivity.

OEIC module technology aims to constitute a module in a package including
optical interconnection/neural/digital devices, optical passive elements, electrical
circuits, and the input/output components.

CAD technology aims to develop computer-aided tools for designing OEICs struc-

ture, and for simulating characteristics of OEICs and their packaging module.

Standardization aims to standardize opto-electronic and mechanical I/O interface

of OEIC module.

5.3 Research Schedule

The development of optical computing systems has two stages. Each stage continues
5 years.

In the first stage, the basic device technologies for optical interconnection, optical
neural systems, and optical digital systems will be developed. The standardization and
modularization of optical elements are also the matter of research. The architecture
study of small optical computing systems will be conducted.

In the second stage, we see some degree of progress in device technology, and
will start the development of prototype optical computing systems. The large scale

integration of optical devices will start, and optical modules for real-world computing
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will be available at the end of the program T'b/em®sec order of space throughput will
be expected.
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